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TO  REQUEST  MACHINING  INFORMATION  . 


AIR  FORCE  MACH  INABILITY  DATA  CENTER  (AFHDC) 
DISTRIBUTION  LIST 

"SECOND  ANNUAL  REPORT"  (AFMOC  66-4) 

This  "Second  Annual  Report"  is  being  sent  to 

YOU  TO  PROVIOE  I NCREASEO  AWARENESS  OP  THE  ACTIV¬ 
ITIES  op  AFMOC.  Facts  concerning  the  Center's 

OPERATIONS  ARE  PRESENTEO  IN  INDIVIDUAL  CHARTS. 
AFMOC  PROCESSED  736  INQUIRIES  DURING  THE  PAST 
year  (see  Figure  IS,  p.  19;  Figure  16,  pp.  20- 
22;  and  Figure  17,  p.  23).  Data  products  on 
beryllium,  grinding  ratios,  and  numerical  con¬ 
trol  OATA  ON  7  OPERATIONS  AND  11  MATERIAL  GROUPS 
WERE  PRINTEO  DURING  OUR  SECOND  YEAR  OF  OPERA¬ 
TION,  ^EE  Figure  26,  page  38. 

IT  IS  SUGGESTED  THAT  YOU  REVIEW  OUR  "SECOND 

Annual  Report"  to  be  certain  that  your  organi¬ 
zation  IS  TAKING  FULL  ADVANTAGE  OF  THE  SERVICES 
AVAILABLE.  The  ENCLOSED  PINK  CARO  WILL  EXPLAIN 
WHAT  IS  REOUIREO  IN  ORDER  TO  MAKE  USE  OF  AFMOC. 

SINCE  COPIES  OF  THIS  REPORT  ARE  LIMITED,  WE 
SUGGEST  YOU  CONSIDER  CIRCULATING  OUR  ANNUAL 
REPORT  WITHIN  YOUR  ORGANIZATION  SO  THAT  APPRO¬ 
PRIATE  personnel  may  be  apprized  of  AFMOC 

ACT  IV  IT  I  ES  . 

Your  suggestions  and  comments  are  invited. 
Please  send  them  toi 

Air  Foret  Mach i nab i ! i  ty  Data  Cantor 
3980  Rosalyn  Drive 
Cincinnati,  Ohio  45239 
Attn:  Ur.  John  Uaranehik,  Jr, 

Director 


513-271-9510 
810-461-2840  or 

Air  Force  Machinability  Data  center 
3980  Rosslyn  Dr ive 
Cincinnati ,  Ohio  45209 

* 

Inquiries  should  be  directed  to  one  of  the 
s  following  Machining  Data  Analyst s .* 

;  Robert  E.  Snider 

j  Roy  L.  Williams 

Clarence  L.  Mehl 
|  or 


TELEPHONE 

TWX 

WRITE 


John  Maranchik,  Jr. 

Director 

TO  HELP  US  ANSWER  YOUR  INQUIRY.  IF  POSSIBLE 

PI  F1SF' 


I.  .Identify  the  material  being  machined 
(specification  or  trade  none);  condition 
(as  cast,  hot  rolled,  cold  drawn,  annealed, 
quenched  &  tempered,  etc,);  microstructure 
and  hardness. 

I  2.  Identify  the  material  removal  operation  in 
ouestion  ( turning ,  milling,  drilling , 
i  tappin g,  surface  grinding,  electrical 

1  aisenarge  machining  (EDM),  electrochemical 

1  machining  (ECM),  etc.). 

If  Specify  reasons  for  reo'jiring  data  unless 

j  j  your  needs  are  proprietary.  This  enables 

AFMDC  to  broaden  the  scope  of  its  technical 

(  ADVICE. 

I  4.  Specify  delivery  requirements. 

■» 

i  5.  INDICATE  TO  WHOM  THE  INOUIRY  REPLY  SHOULD 
j  BE  SENT. 

6.  Transmit  all  details  concerning  present 
practices  (including  feeds,  speeds,  cutting 
tool  material  and  geometry,  cutting  fluids, 
etc.)  IN  THE  EVENT  YOUR  INOUIRY  PERTAINS 
TO  IMPROVEMENT  OF  AN  EXISTING  MACHINING 

Q  I  Tl  I  A  ▼  I  AVI 


NOTE.  Association  of  the  names  of  companies 
and  individuals  with  specific  requests  is  kept 
confidential.  However,  data  developed  remain 
the  property  of  AFMDC  for  dissemination  as 
required  for  answering  similar  inquiries  and 
for  developing  data  products. 


*  *  *  « 


Best 

Available 

Copy 


AIR  FORCE  HACH INABILITY  DATA  CENTER 


j  3980  Rosslyn  Drive  Cincinnati,  Ohio  45209 

i  Telephone  513-271-9510  TWX  810-461-2840 

I  SCOPE 

!•  The  Air  Force  Mach  inab i l  ity  Data  Center  (AFMDC) 
i  COLLECTS,  EVALUATES,  STORES,  AND  DISSEMINATES 
material  REMOVAL  INFORMATION  INCLUDING  SPECIFIC 
AND  DETAILED  MACHINING  DATA  FOR  THE  BENEFIT  OF 
INDUSTRY  AND  GOVERNMENT.  STRONG  EMPHASIS  IS 
GIVEN  TO  ENGINEERING  EVALUATION  FOR  THE  PURPOSE 
OF  DEVELOPING  OPTIMIZED  MATERIAL  REMOVAL  PARAM¬ 
ETERS,  SUCH  AS  SPEEOS,  FEEDS,  DEPTHS  OF  CUT, 
TOOL  MATERIAL  AND  GEOMETRY,  CUTTING  FLU10S  ANO 
OTHER  SIGNIFICANT  VARIABLES.  DATA  ARE  BEING 
PROCESSED  FOR  ALL  TYPES  OF  MATERIALS  ANO  FOR 
ALL  KINDS  OF  MATERIAL  REMOVAL  OPERATIONS  SUCH 
AS  TURNING,  MILLING,  DRILLING,  TAPPING,  GRIND¬ 
ING,  ELECTRICAL  DISCHARGE  MACHINING,  ELECTRO¬ 
CHEMICAL  MACHINING,  ETC. 

STORAGE  ANO  RETRIEVAL 

AFMDC  HAS  A  MECHANIZED  SYSTEM  IN  WHICH  PUNCH 
CAROS  ARE  USED  TO  STORE  AND  RETRIEVE  ALL  TYPES 
OF  MATERIAL  REMOVAL  INFORMATION  INCLUDING  ALL 
SIGNIFICANT  NUMERICAL  DATA.  An  IBM  1130  COM¬ 
PUTING  SYSTEM  IS  BEING  USED  FOR  STORING  AND 
PROCESSING  DATA  FROM  A  MASTER  CARD  AND  DISK 
FILE  AND  FOR  COMPUTER  DECODING.  THE  FOCAL 
CONCEPT  FOR  ACQUISITION,  INTERROGATION,  OR 
PRESENTATION  OF  INFORMATION  IS  THE  SPECIFIC 
MATER  I AL  (WITH  DEFINITE  CHEMICAL,  PHYSICAL,  AND 
MECHANICAL  PROPERTIES)  AND  THE  SPECIFIC 
MATERIAL  REMOVAL  OPERATION  BEING  USED.  WHEN 
NECESSARY,  CARD  SOURCE  CONTROL  CODES  MAY  BE 
USED  TO  RETRIEVE  ORIGINAL  DOCUMENTS  WHICH  ARE 
IN  DOCUMENT  STORAGE  AT  AFMDC. 

INFORMATION  SERVICES 

1  AFMDC  PLACES  STRONG  EMPHASIS  ON  PROVIDING 
SPECIFIC  AND  DETAILED  ANSWERS  TO  TECHNICAL 
INQUIRIES  IN  THE  FIELD  OF  MATERIAL  REMOVAL.  A 

!  User  File,  consisting  of  important  users  in  the 

FIELD  OF  MATERIAL  REMOVAL,  HAS  BEEN  DEVELOPED 
|  TO  RECEIVE  INFORMATION  PRODUCTS  INCLUDING  MACH- 

|  INING  OATA  PAMPHLETS  AND  TABLES  ON  MATERIALS  OF 

j  CURRENT  INTEREST,  STATE-OF-THE-ART  REPORTS, 

l  TECHNICAL  ANNOUNCEMENTS,  ANO  OTHER  APPROPRIATE 

items.  Services  are  available  without  charge 

j  TO  THE  AEROSPACE  INDUSTRY,  DEPARTMENT  OF 

!  Defense  (including  all  of  the  military  services 

AND  THEIR  CONTRACTORS),  AND  OTHER  GOVERNMENT 
AGENCIES,  TECHNICAL  INSTITUTIONS,  AND  NON¬ 
MILITARY  INDUSTRIES  IN  A  POSITION  TO  ASSIST  THE 
OEFENSE  EFFORT. 


Operated  for  the  Air  Force  Materials  Laboratory, 
Manufacturing  Technology  Division  under 
Contract  AF  33(615)-5262 
by  Metcut  Research  Associates  Inc. 
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FOREWORD 


This  Second  Annual  Report  of  the  Air  Force  Machinability  Data  Center 
(AFMDC)  covers  work  performed  under  Contract  AF  33(6l5)-5262  from 
February  1,  1966  tnrough  January  31,  1967.  The  manuscript  was 
released  by  the  author  in  February  1967  for  publication  as  an  AFMDC 
report. 

This  contract  with  Metcut  Research  Associates  Inc.  ,  Cincinnati,  Ohio, 
was  initiated  under  Manufacturing  Technology  Division  Project  9-700, 

"Air  Force  Machinability  Data  Center".  It  is  an  extension  of  Manufac¬ 
turing  Technology  Division  Project  8-239  as  indicated  in  our  First  Annual 
Report.  The  current  contract  is  being  performed  under  the  technical 
direction  of  Mr.  Max  A.  Guenther  of  the  Advanced  Fabrication  Techniques 
Branch  (MATF),  Manufacturing  Technology  Division,  Air  Force  Materials 
Laboratory,  Wright-Patterson  Air  Force  Base,  Ohio. 

This  project  is  being  accomplished  as  a  part  of  the  Air  Force  Manufac¬ 
turing  Methods  Program.  The  primary  objective  of  AFMDC  is  to  be 
highly  specialized  in  the  collection,  evaluation,  storage,  retrieval  and 
dissemination  of  significant  data  and  information  pertaining  to  all  aspects 
of  material  removal  processes.  Recipients  of  these  data  include  aerospace 
industry,  Department  of  Defense  (including  all  of  the  military  services  and 
their  contractors),  and  other  Government  agencies,  technical  institutions, 
and  nonmilitary  industries  in  a  position  to  assist  the  defense  effort.  In 
the  area  of  material  removal  activity,  this  Center  serves  as  the  communi¬ 
cations  link  for  the  entire  technical  community,  both  Government  and 
industry. 

Your  comments  are  solicited  on  the  potential  utilization  of  the  Air  Force 
Machinability  Data  Center  as  applied  to  your  present  or  future  production 
programs. 

This  report  has  been  reviewed  and  is  approved. 


MELVIN  E.  FIELDS,  Colonel  USAF 
Chief,  Manufacturing  Technology  Division 
Air  Force  Materials  Laboratory 


ABSTRACT 


SECOND  ANNUAL  REPORT  OF  THE 
AIR  FORCE  NLA  CHIN  ABILITY  DATA  CENTER 

John  Maranchik,  Jr. 


This  is  the  Second  Annual  Report  of  the  Air  Force  Machinability 
Data  Center  covering  the  period  February  1,  1966  through 
January  31,  1967  (Contract  AF  33(6  1  5)  -  5262) .  Eight  thousand 
eight  hundred  and  sixty  (8,  860)  documents  were  processed  and 
46,  428  machining  situations  were  evaluated  and  placed  in  data 
storage.  Seven  hundred  thirty-six  (736)  specific  inquiries  were 
answered  for  396  different  companies  in  90  different  SiC  categories. 
Thirteen  thousand  seven  hundred  and  six  (13,  706)  copies  of  11 
different  data  products  were  distributed  during  this  period. 

The  average  cost  of  inquiries  equalled  $45.02  per  inquiry. 

An  IBM  1130  computer  system  was  installed  and  made  available 
to  AFMDC  on  July  1,  1966.  Computer  prog  rams  were  written  to 
store,  update  and  search  the  files  necessary  to  operate  the  Center. 


PREFACE 


This  report  covers  a  12-month  period  of  operation  from 
February  1,  1966  through  January  31,  1967.  It  is  presented 
primarily  in  the  form  of  individual  charts  which  are  self- 
explanatory  with  regard  to  organization  of  the  Center  and 
the  results  of  its  efforts  including  costs.  For  each  individual 
chart,  the  Appendix  provides  some  further  comments  con¬ 
cerning  various  aspects  of  AFMDC  during  its  second  year  of 
operation. 

For  a  complete  analysis  of  the  progress  made  by  the  Center 
from  its  early  inception  to  the  present,  the  following  two 
references  should  be  reviewed: 

"Final  Report  on  the  Design  of  a  System  for  Collecting, 
Evaluating  and  Disseminating  Machinability  Data  for 
Aerospace  Materials",  Technical  Documentary  Report 
Nr.  ASD-TDR-63-572,  July  1963. 

"First  Annual  Report  of  the  Air  Force  Machinability 
Data  Center",  AFMDC  65-2,  February  1966, 

AD-482  278. 
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DESCRIPTION  OF  AFMDC 


AIR  FORCE  MACH  I  NAB  I L I TY  DATA  CENTER,  3980  Rosslyn  Drive,  Cincinnati,  Ohio  45209. 
Operated  tor  the  Air  Force  Materials  Laboratory,  Manufacturing  Technology  Division, 
under  Contract  AF  33(61 5 )- 5262,  by  Metcut  Research  Associates  Inc. 

SCOPE 

The  Air  Force  Mach i nab i I i ty  Data  Center  (AFMOC)  collects,  evaluates,  stores,  and  disseminates 
material  removal  information  including  specific  and  detailed  machining  data  for  the  benefit  of 
industry  and  government.  Strong  emphasis  is  given  to  enginee'ing  evaluation  for  the  purpose 
of  developing  optimized  material  removal  parameters,  such  as  speeds,  feeds,  depths  of  cut, 
tool  material  and  geometry,  cutting  fluids  and  other  significant  variables.  Data  are  being 
processed  for  ill  types  of  materials  and  for  al1  kinds  of  material  removal  operations  such  as 
turning,  milling,  drilling,  tapping,  grinding,  electrical  discharge  machining,  electrochemical 
machining,  etc. 

COLLECTION 

AFMDC  has  a  mechanized  system  in  which  punch  cards  are  used  to  store  and  retrieve  ah  types  of 
material  removal  information  Including  all  significant  numerical  data.  An  IBM  1130  computing 
system  is  being  used  foi  storing  and  processing  data  from  a  master  card  and  disk  file  and  foi 
computer  decoding.  The  local  concept  for  acquisition,  interrogation,  or  presentation  of  infor¬ 
mation  is  the  specific  material  (with  definite  chemical,  physical,  or  mechanical  properties) 
and  the  specific  material  removal  operation  being  used.  When  necessary,  card  source  control 
codes  may  be  used  to  retrieve  original  documents  which  are  in  document  storage  at  AFMDC. 


INFORMATION  SERVICES 

AFMDC  places  strong  emphasis  on  providing  specific  and  detailed  answers  to  technical  inquiries 
in  the  field  of  material  removal,  a  User  File,  consisting  cf  importan*  users  in  the  field  of 
material  removal,  has  been  developed  to  receive  infoimation  products  including  machining  data 
pamphlets  and  tables  on  materials  of  current  interest,  state-of-the-art  reports,  technical 
announcements,  and  other  appropriate  items.  Services  are  available  without  charge  to  the 
aerospace  industry.  Department  of  Defense  (including  all  of  the  military  services  and  their 
contractors),  and  other  government  agencies,  technical  institutions,  and  non-military 
industries  in  a  position  to  assist  the  defense  effort. 

TO  REQUEST  MACHINING  INFORMATION  . 

Telephone:  513-271-9510 

TWX:  810-461 -2840  or 

Write:  Air  Force  Mach  I  nab  I  1 1 ty  Data  Center 

3980  Rosslyn  Drive 
Cincinnati,  Ohio  45209 

TO  HELP  US  ANSWER  YOUR  INQUIRY,  IF  POSSIBLE  PLEASE: 

1.  Identity  the  material  being  machined  (specification  or  tradename) ;  condition,  (as  cast, 
ho 1  rolled,  cold  drawn,  annealed,  quenched  and  tempered,  etc.);  m  i  c  r.o  S  t  r  u  C  t  u  r  e  and 

hardness. 

2.  Identify  the  material  removal  operation  in  question  (turning,  milling,  drilling,  tapping, 
surface  grinding,  electrical  discharge  machining  (EDM),  electrochemical  machining  (EGM), 
etc.). 

3.  Specify  reasons  for  requiring  data  unless  your  needs  are  proprietary.  This  enables  AFMDC 
to  broaden  the  scope  of  Its  technical  advice. 

4.  Specify  delivery  requirements. 

5.  Indicate  to  whom  the  inquiry  reply  should  be  sent. 

6.  Transmit  all  details  concerning  present  practices,  including  feeds,  speeds,  cutting  tool 
material  and  geometry,  cutting  fluids,  etc.,  in  the  event  your  inquiry  pertains  to 
improvement  of  an  existing  machining  situation. 


NOTE:  Association  of  the  names  of  companies  and  individuals  with  specific  requests  is  Kept 
confidential.  However,  data  developed  remain  the  property  of  AFMDC  for  dissemination  as 
required  for  answering  similar  inquiries  and  for  developing  data  products . 


SEE  APPENDIX.  PAGE  A-1 
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AFMDC  ORGANIZATION  CHART* 


FIGURE  I 


AFMOC  OPERATIONAL  AREAS 


At  AFMOC,  personnel  shown  in  Figure  1,  page  2,  work  in  ten  functional  areas  of 
operation.  These  are  indicated  below  along  with  the  numbers  used  for  time  coding 
purposes: 


1  Administration 


Administration  of  technical  and  general 
activities  of  AFMOC 


2  Engineering  Supervision 

3  Systems  Analysis 

4  Machining  Data  Analysis 

5  Data  Processing 

6  Data  Control 

7  Doc  uiuC  Pt  Acquisition  and 
Document  Storage 

8  Data  Dissemination 

9  Machining  Data 
Veri  fication  - 
Experimental  Machining 

Q  Secretarial  and  Clerical 


Technical  activities  including  all  mech¬ 
anized  handling  of  data  and  processing 
of  inquiries 

Design  of  the  machinabi I i ty  data  system, 
particularly  processing 

Technical  evaluation  of  machinabi I i ty 
data  and  information  including  Prelimi¬ 
nary  Screening 

Operation  of  a  mechanized  system 
including  a  computer 

Superimposition  and  use  of  controls 
to  guarantee  proper  operation  of  data 
processing  system 

Acquisition  of  all  types  of  data  and 
information  for  processing.  Storage 
of  documents  including  those  which  have 
received  Final  Technical  Evaluation  and 
those  in  process 

Dissemination  including  duplication  and 
printing 

Laboratory  and  shop  work  necessary  for 
resolving  highly  significant  and  contro¬ 
versial  data  situations 

Development  and  execution  of  all  proce¬ 
dures  relating  to  typing  and  filing 


SEE  APPENDIX,  PAGE  A-2 
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AFMDC  OPERATIONS  CHART 


SYSTEM  INPUT 

SYSTEM  ANALYSIS 

(DOCUMENTS) 

Operations  are  controlled  ano 

Cons i sts 

1  .  Answe 

Documents  are  broadly  defined  as  any 
medium  containing  machining 

1  NFORMAT ION. 

MODIFIED  AS  REQUIRED  uY  AFMDC 

SYSTEMS  ANALYSIS. 

2.  PRODU 
OF  SP 

1  NDUS 

3.  Gener 

1  nfor 

I 


DOCUMENT  CONTROL 

Primary  Document  Control  Forms  are  filled 
OUT  AND  ATTACHED  TO  ALL  DOCUMENTS. 


E  ACQUISITION 

-  SOURCES  - 

Current  Periodicals 
Defense  Documentation 
Center  (DDC) 

National  Aeronautics  & 

|  Space  Administration 

(NASA) 

Clearinghouse  for 
Federal  &  Sc i ent if i c 
Technical  Information 
Atomic  Energy  Commission 
!  (AEC) 

I  Defense  Metals  Informa¬ 

tion  Center  (DMIC) 

!  Manufacturing  Plants 

Techn i cal  Meet i ngs 
Books,  Catalogs,  House 
|  Organs 

Inouiries  Processed  at 

AFMDC 


* 


* 


DATA  PROCESSING 

Cards  resulting 

FROM  PROCESSING  ARE  PUNCHEO 

at  this  point. 

PKEL 1 M 1  NARY 

Preliminary  Technical 

Final  Technical 

Screen i ng 

Evaluat ion 

Evaluat i on 

Equipment  Used 

Potential  Source 

Index  (Min.  require- 

Numerical  Data 

Keypunch 

of  Information 

ments  plus  either  0, 

Tool-Cutt i ng 

Ver 1 F  1  ER 

Bi  bl iography 

G,  +  OR  -  Cl  ASS  1 F 1  - 

Fluid 

Sorter 

CAT  ION  CODES  ONLY)  . 

Aperture 

Collator 

UN  1  TERM 

IBM  1130  Computer 

Data  Link 

( OPERAT 1 ONAL 

f  1  CKLER 

July  1 ,  1966) 

' 

/ 

DOCUMENT  STORAGE 

Actual  Documents 

PUNCH 

CARD 

DISK  STORAGE 

ARE  STORED.  WHEN 

STORAGE 

SPACE  LIMITATIONS 

ARE  ENCOUNTERED, 

Master  card 

DISK  FILES  OF 

F  ILES 

ARE 

UNITERM 

1  NDEX 

USED.  NONS 1 GN  T  F  1  - 

MA  1  NTA 1  NED 

AND  INQUIRY 

CANT  MACHINING 

TO  CREATE 

Data  are  usfd 

DOCUMENTS 

ARE  NOT 

AND  UPDATE 

for  searching 

STORED,  HOWEVER, 

COMPUTER 

FILES  TO  ANSWER 

the  Documcnt  Con- 

DISK 

ILES. 

1  NQU 1 R 1 ES . 

trol  Forms  for 

these  are 

RETAINED 

in  Document 

Storage . 

> 

> 

i 


i 


i 


u _ 

Inquiries  or 
I ndustry 
Governmeiv 
EduCAT I  Oh 
Techn i cal 
1 nformat  i 


V) 

V 


£ 


INDUSTRY  AND 
GOVERNMENT 
ASSISTANCE 

Direct  contact  is 

MADE  BY  THE  MACH  I  N- 

i n g  Data  Analyst  of 
AFMDC  with  techni¬ 
cally  QUAL  I  F | £0  MEN 
in  Industry  and 
Government  whenever 
information  and  data 

ARE  NOT  AVAILABLE 

from  Document  or 
Card  Storage. 


Inquiries  ari 
mat i on  is  en 
|  The  POLLOWIN 
processing: 
SIC 

Inquiry  Typ 
Source  Cont 
Sequence 
Date 


Ml 

Machining  Di 
inquiry.  Ri 
inquirer,  ai 
entered  inti 
Document. 


* 


3.  GENERAL  DISSEMINATION  OF 
MACHINING  INFORMATION 

Publication  in  Periodica  s 

Technical  Meetings 

Comm i ttee  Meet i ngs 

Conferences 

Expos i t i ons 

AFM)C  V  i  s  i  tors 

Plant  Visits 

Manufacturing  Technology 

Division  (sponsor  of  AFMDC) 


FIGURE  2 


I 


I 


AFMOC  OPERATIONS  CHART 


if  CONTROL 


trol  Forms  are  f illed 

ALL  DOCUMENTS. 


SYSTEM  ANALYSIS 

SYSTEM  OUTPUT 

Cons i sts  of  : 

Operations  are  controlled  and 

1.  Answering  Specie  ic  Inquiries. 

MODIFIED  as  REQUIRED  BY  AFM)C 

—  —  —  — 

2.  Producing  Comprehensive  Data  Products 

systems  analysis. 

of  specific  and  timely  interest  to 

Industry  and  Government. 

3.  General  Dissemination  of  Machining 

Informat i on. 

SCREENING  (PS) 

MACHINING  INFORMATION 
Jo.  By  reviewing  multi- 
documents  CONTAINING 

!N  ARE  I  TENT  IP  I  F.D  AND 
UAL  ARTICLES  ARE  THEN 

y  Document  Control  Forms. 


ICAl  EVALUATION  (PTE) 

^TED  BY  SPECIFYING  AND 
SITUATION  PLUS  OTHER 
WHICH  RETRIEVAL  MAY 


DEVALUATION  ( FTE) 

DETAILED  DATA  ARE 
FOR  CARD  STORAGE. 


ING 

■  THIS  POINT. 

F inal.  Technical 

EVALJAT 1  ON 

Equipment  used 

Numerical  Data 

Keypunch 

Tool-Cutting 

VeR  IF IER 

Flu  id 

Sorter 

Aperture 

Collator 

IBM  1130  Computer 

(OPERAT 1 ONAL 

July  1 ,  1 966 ) 

r 

IEX 


OOCUMENT  STORAGE 

Actual  Documents 

ARE  STORED.  WHEN 
SPACE  LIMITATIONS 
ARE  ENCOUNTERED, 

M  I  C  ROT  I LM  WILL  BE 

used.  Nonsignifi¬ 
cant  MACH  I  NINO 
DOCUMENTS  ARE  NOT 
STORED,  HOWEVER, 

the  Document  Con¬ 
trol  Forms  for 
THESE  ARE  RETAINEC 
in  Document 
Storage . 


1. 


SPECIFIC  INQUIRIES 


Inquiries  originate  from: 

I NDUSTRY 

Government 

Educational  Institutions 
Technical  Societies 
I nformat ion  Centers 


INQUIRY  CONTROL 

Inquiries  are  logged  in.  All  necessary  infor¬ 
mation  is  entered  on  an  Inquiry  Control  Form. 
The  following  codes  are  assigned  for  card 
PROCESS  I NG : 

SIC 

I nqu i ry  Type 

Source  Control  (identifies  inquirer) 

Sequence 

Date  Replies  Transmitted 


INDUSTRY  AND 
GOVERNMENT 
ASSISTANCE 

Direct  contact  is 

MADE  BY  THE  MACHIN¬ 
ING  Data  Analyst  of 
AFMDC  WITH  TECHNI¬ 
CALLY  QUAL  l  F I  ED  MEN 

in  Industry  and 
Government  whenever 
information  and  data 

ARE  NOT  AVAILABLE 

from  Document  or 
Card  Storage. 


MACHINING  OATA  ANALYSIS 

Machining  Data  Analysts  are  assigned  to  each 
inquiry.  Replies  are  transmitted  to  the 

INQUIRFR,  AND  THE  INQUIRY  INFORMATION  IS 
ENTERED  INTO  THE  SYSTEM  AS  A  PRIMARY 

Document . 


3.  GENERAL  DISSEMINATION  OF 
MACHINING  INFORMATION 


Publication  in  Periodicals 

Technical  Meetings 

Comm i ttee  Meet i ngs 

Conferences 

Expos i t i ons 

AFMDC  Visitors 

Plant  Visits 

Manufacturing  Technology 

Division  (sponsor  of  AFMDC) 


2.  DATA  PRODUCTS 


First  Annual  Report  of  the  Air  Force  Mach i nab i l i ty 
Data  Center,  AFMDC  65-2 

Machining  Data  for  Numerical  Control  (7  individual 
reports  Nos.  AFMDC  66-1.1  thru  AFMDC  66-1.7 
covering  Turning,  Face  Milling,  Drilling,  Periph¬ 
eral  End  Milling,  End  Mill  Slotting,  Tapping  & 
Reaming  respectively). 

Machining  Data  for  Numerical  Control,  AFMDC  66-1 
(composite  of  above  mentioned  7  reports). 

Grinding  Ratios  for  Aerospace  Alloys,  AFMDC  66-2 

Machining  Data  tor  Bcryllium  Metal,  AFMDC  66-3 


USER  FILE 

The  User  File  consists  of-. 


Major  Missile  and  Aerospace  Manufacturers  and 
their  Subcontractors 

Department  of  Defense  (including  all  of  the 
Military  Services  and  iheir  Contractors),  and 
other  Government  Agencies 
Nonmilitary  Industries  in  a  position  to  assist 

THE  DEFENSE  El  FORT 

Aerospace  Industries  Association  (AIA)  Manufac¬ 
turing  Comm  it  t  ee 
Colleges  and  Universities 
l  Nr  ormai ion  Centers 
r  ECHN I  CAL  SOC I  E  T  I t  b 
Trade  Publications 
AFMDC  Inquirers 

Materials  Advisory  Board  (MAP)  Commit urs 


Tot  ai  -  3574  ( 1 /3 1 /67 ) 


2* 


SET  APPENDIX,  PAGE  A-3 


r 


AFMDC  USER  FILE  MAP 


SEE  APPENDIX,  PAGE  A- A 


FIGURE  3 


DISTRIBUTION  OF  AFMDC  USER  FILE 


The  basic  User  File  was  developed  as  indicated  in  Appendix,  Page  A-4.  Names  are  added 
to  the  User  File  as  a  result  of  1)  inquirers,  2)  visitors,  3)  additional  names  sub¬ 
mitted  by  current  Users,  4)  requests  resulting  from  dissemination  of  data  products, 
and  5)  technical  articles  published  in  periodicals  and  announcements  pertaining  to  the 
Center. 


GENERAL  CONCENTRATION  OF  USERS  BY  NUMBER 


STATES  * ** 

COMPANIES 

USERS  *  • 

AVERAGE  USE! 

6 

0 

0 

0 

28 

1  -10 

1-25 

2.5 

6 

11-25 

26-50 

2.1 

5 

26-50 

51-125 

2.3 

4 

51-100 

126-300 

2.  B 

2 

OVER  100 

OVER  300 

3.2 

AREA  CONCENTRATION  OF  COMPANIES 


West  Coast  (3  states)  - 
North  Midwest  (5  states) 
Northeast  (5  states)  - 


118  companies 
333  companies 
283  companies 


These  figures  indicate  that  75%  of  User  companies  lie  in  25%  of  the 
United  States. 


The  total  User  File  can  be  broken  down  as  follows: 


Individuals  2,649 
Companies  925 
College  Users  (individuals)  747 
Societies,  Centers,  etc.  (individuals)  158 


*  l  He  l  utlr  \  ft  n.v  b  i  ng  t  on ,  /).(.. 

**  hit- 1  tulr  \  in  ur  i  s  it  if*  .v . 
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SEE  APPEND  I  X,  PAGE  A-4 


WELCOME  TO  AFMDC  VISITOR 


*  *  WELCOME  TO  THE  AIR  FORCE  MACH  I  NAD  I  LI TY  DATA  CENTER  *  * 

_ J.OHN _ LM.LTJJ _ E1EG—E11GR _ OIUUU _ L1EX _ 

YOU  ARE  NOW  REGISTERED  AND  HAVE  DECOME  A  PART  OF  OUR  SYSTFM,  AS  A  VISITOR,  POSSIBLE 
INQUIRER,  AND  POTENTIAL  SOURCE  OF  INFORMATION.  TliF  AIR  FORCE  MACH  I  NAD  I  L  I  TY  DATA  CFNTER, 
UNDER  CONTRACT  NUMCER  AF- 3 3 (6  15  )  -  5 2C2 ,  COLLECTS,  EVALUATES,  STORES,  RETRIEVES,  AND  DIS¬ 
SEMINATES  MATERIAL  REMOVAL  DATA  ANO  OTHER  INFORMATION  FOR  THE  PENEFIT  OF  INDUSTRY  AND 
GOVERNMENT  AS  REQUIRED  TO  ANSWER  INQUIRIES  WHICH  MAY  ORIGINATE  FROM  ANY  OF  THE  50  UNITED 
STATES  FOR  THE  AEROSPACE  INDUSTRY,  DEPARTMENT  OF  DEFENSE,  TECHNICAL  INDUSTRIES  AND  MANY 
OTHERS. 

_ _ YQUR  .BIGl.SIRAllflEL.iS.  JLLltlC— £&££&B£fl-  011 -A.fi.  .  1  l-SG-.CnHfGIY  NO  SYSTEM  W1U.DI.  IS  THE. 

DATA  STORAGE  AND  RETRIEVAL  MECHANISM  FOR  THE  AIR  FORCE  MACH  I  NAD  1 L I TY  DATA  CENTER. 

*  *  YOUR  HOST  HAS  DEEN  *  * 

__  _____  _____  ______ 

IT  MAY  Df  CF  INTEREST  FOR  YOU  TO  KNOW  THAT  IN  EXCESS  OF  $34,000,000,000  ARE  SPENT 
ANNUALLY  IN  LADOR  AND  0  VFRHFAO  AI.QNF  FOR  REMOVING  MFTAI  IN  MFTAI  WORK  INC  I  NDIISTR I  FS  IN 
UNITED  STATFS.  AFMDC  DELI  EVES  THAT  WE  HEED  GOOD  DATA  TO  DT  EFFFCTIVF  IN  THIS  TYPE  CF 
ECONOMIC  CLIMATE. 

---  A  MAN'S  JUDGMENT  IS  NO  TETTER  THAN  HIS  DATA  --- 


COMPUTER  INPUT  AND  OUTPUT  FLOW  CHART 


10 


SEE  APPENDIX,  PA BE  A-S 


COHTROl  ON  DA T*  SWITCHES  NOS 


FARPIDF  TOOLC 


FIGURE  10 


00*0  -  S9~o -nrtr  tjto  zo*o  or*o  zo*o  i9*z  09  ocoo 


TYPICAL  INQUIRY  INPUT  AND  RESPONSE 


FIGURE  12 


16 


Set  APPENDIX,  PAGE  A-IO 


ANALYSIS  OF  SPECIFIC  INQUIRIES  BY  MATERIAL  GROUP 
OCTOBER  1,  1964  -  JANUARY  31,  1967 


MATERIAL  6R0UP 

NO.  OF 
REQUESTS 

NO.  OF 

MACHINING  OPERATIONS 

PLAIN  CARBON  &  LOW  ALLOY  STEELS 

88 

59 

ULTRA  HIGH  STRENGTH  a  TOOL  STEELS 

1  7 

39 

CAST  IRONS 

30 

41 

STAINLESS  STEELS 

66 

64 

NICKEL  ALLOYS 

22 

15 

MARAGING  STEELS 

21 

41 

HIGH  TEMPERATURE  ALLOYS 

214 

79 

TITANIUM  ALLOYS 

160 

46 

REFRACTORY  ALLOYS 

117 

106 

ALUMINUM,  MAGNESIUM,  ZINC,  LEAD  8 

COPPER  ALLOYS 

66 

50 

PRECIOUS  8  RARE  METALS 

7 

8 

NONMETALL ICS  INCLUDING  CERAMICS, 

PLASTICS  8  GRAPHITE 

38 

.12 

TOTALS 

846 

590 

ANALYSIS  OF  COMPREHENSIVE  AND  UNITERM  TYPE  INQUIRIES 
TYPE  OF  INQUIRY  NO.  OF  INQUIRIES 


ONE  OPERATION  ON  A  VARIETY  OF  MATERIAL 

GROUPS  168 

SEVERAL  OPERATIONS  ON  ONE  MATERIAL 

GROUP  276 

SEVERAL  OPERATIONS  ON  A  VARIETY  OF 

MATERIAL  GROUPS  56 

GENERAL  MACHINING  CONCEPTS  (UNITERMS)  502 

TOTAL  I  ,  002 


SIC  APPENDIX,  pm  A- 1 1 
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FI  CURE  13 


I 


r 


|  ANALYSIS  OF  INQUIRIES  BY  TYPE  OF  MACHINING  OPERATION 


OCTOBER  I,  1964  -  JANUARY  31,  1967 


OPERATION 

MO.  OF  REQUESTS 

CONVENTIONAL  CHIP  REHOVAL 

TURNING 

325 

BOR  1 NG 

74 

MILLING  (GENERAL) 

45 

FACE  MILLING 

136 

END  MILL  SLOTTING 

102 

PERIPHERAL  END  MILLING 

90 

SLAB  MILLING 

8 

THREAD  MILLING 

9 

ALL  OTHER  TYPES  OF  MILLING 

20 

DRILLING 

259 

GUN  DRILLING 

8 

REAMING 

107 

TAPPING 

1  20 

GEAR  CUTTING 

4 

BROACHING 

47 

ROUTING 

4 

BANDSAWING 

13 

HACKSAWING 

1  1 

CONVENTIONAL  BRINGING 

GENERAL  GRINDING 

69 

SURFACE  GRINDING 

89 

CYLINDRICAL  GRINDING 

35 

INTERNAL  GRINDING 

7 

CENTERLESS  GRINDING 

6 

GEAR  GRINDING 

3 

THREAD  GRINDING 

5 

TOOL  GRINDING 

8 

ABRASIVE  MACHINING 

2 

,.?RASIVE  BELT  GRINDING 

3 

ABRASIVE  CUTOFF 

7 

HON  1 NG 

6 

ALTERNATE  MACHINING  METHOOS 

ALTERNATE  MACHINING  METHODS  (GENERAL) 

6 

ELECTRICAL  DISCHARGE  MACHINING 

39 

ELECTROCHEMICAL  MACHINING 

31 

ELECTROCHEMICAL  GRINDING 

1  9 

CHEMICAL  MACHINING 

7 

ULTRASONIC  MACHINING 

6 

ELECTRON  BEAM  MACHINING 

6 

PLASMA  JET  MACHINING 

2 

LASER  MACHINING 

3 

ABRASIVE  JET  MACHINING 

1 

MISCELLANEOUS 

DEBURR ING 

9 

BURNISHING 

5 

CONTROLLED  ENERGY  MACHINING 

1 

SUB-ZERO  MACHINING 

5 

HOT  MACHINING 

1 

TOTAL  1,763  | 

PIOUftE  14  18  SEE  APPENDIX,  PA8E  A-M 


SUMMARY  OF  SPECIFIC  INQUIRIES  BY  TYPE  OF  INQUIRY 
February  I,  1966  -  January  31,  1967 


NO.  OF 
INQUIRIES 

1.  RECOMMENDATIONS  FOR  A  SPECIFIC  MACHININ6  SITUATION.  116 

Typical  Example:  Requested  recommendations  (or  turning  Waspaloy  in  the 

solution  trsatad  and  agsd  condition. 

2.  START  I  NO  RECOMMENDATIONS  FOR  AN  EXTENSIVE  GROUP  OF  MACHINING  SITUATIONS.  264 

Typical  Example:  Raquaaied  aachi nab i I i ty  data  on  AM-350,  S-816,  HS-25, 

HS-31 ,  Inconel  X-750,  Unitemp,  Udimet  M-252  and  Mattel  toy  R-235. 

3.  INFORMATION  PERTAININ6  TO  NEW  MACHINING  PROCESSES.  EQUIPMENT  ANO  TOOLS.  27 

Typical  Example:  Requested  information  on  the  manufacturer  oi  equipment 

cal  I  ad  "Liquid  Lathe." 

4.  COORDINATION  ANO  POTENTIAL  USE  OF  AFMDC.  29 

Typical  Example:  Requested  detailed  information  on  services  available 

from  AFMOC. 

5.  VISITS  TO  THE  CENTER.  78 

Typical  Example:  Visited  to  coordinate  with  AFMOC  to  determine  services 

available  and  to  review  System  details. 

6.  *  REQUESTS  FOR  SPECIFIC  DOCUMENTS,  REPORTS,  BOOKS.  PAPERS,  ETC.  71 

Typical  Example:  Requested  a  list  of  reports  available  (or  machining  of 
titanium.  Alto  wanted  cost  o(  each  report. 

7.  GENERAL  INFORMATION  SUCH  AS  SAFETT  PRACTICES,  NAMES  OF  FIRMS  HAVING  CERTAIN 

MACHINING  CAPABILITIES,  TOOL  MATERIAL  PROPERTIES,  ETC.  30 

Typical  Example:  Requested  the  names  o(  people  to  contact  in  the  fields  of 
metal  removal  such  as  EON,  ECM,  ECG,  EOG,  USM,  CHM,  EBM,  LBM,  Abrasive 
Machining  and  Hot  Machining. 

8.  REQUESTS  FOR  BIBLIOGRAPHIES  AND  ABSTRACTS.  4 

Typical  Example:  Request  (or  bibliographies  with  abstracts  covering  use  of 

ceramic  tools  and  abrasives  in  machining  various  materials. 

0.  STATE-OF-THE-ART  INFORMATION  ANO  REPORTS.  g 

Typical  Example:  Suggestions  for  important  manufacturing  programs  for  the 
next  five  years  in  the  field  of  material  removal.  Supply  problem,  approach 
and  approximate  funds. 

10.  SPECIAL  INQUIRIES  ANO  REPORTS  FOR  U.S.  AIR  FDPCE,  MANUFACTURING  TECHNOLOGY 

DIVISION.  4 

Typical  Example:  Requested  a  report  on  the  progress  during  the  lest  five 
years  In  machining  of  titanium  and  hard  to  machine  materials  -  state  of 
the  art. 

11.  EVALUATION.  TRANSLATION  ANO  REVIEW  OF  REPORTS,  BOOKS,  PAPERS.  12 

Typical  Example:  Requested  an  evaluation  of  a  report  published  In  Electro- 

Technology,  October  1864,  concerning  adaptive  control  posslbll I  ties. 

12.  REQUEST  FOR  INFORMATION  ON  BERYLLIUM,  15 

Typical  Example:  Request  for  Information  on  miach inability  data  for 

beryllium  ueing  ECM,  EDM,  and  other  methods. 

13.  COMPARISON  OF  ONE  PROCESS  OR  MATERIAL  WITH  ANOTHER.  13 

Typical  Example:  Requested  a  comparison  of  the  machining  of  Inconel  W 

with  Inconel  X  in  bath  solution  treated  and  solution  treated  and  aged 
conditions,  primarily  in  turning  but  also  drilling  and  milling  if  possible. 

1 4.  INFORMATION  PERTAINING  TO  CUTTING  FLUIDS.  22 

Typical  Example:  Requested  cutting  fluid  recommendations  for  titanium  and 

a  wide  variety  of  high  temperature  alloys  end  stainless  steels. 

15.  INFORMATION  ON  MACH  I  NAB  I L I T  Y  RESEARCH.  37 

Typical  Example:  Requested  machining  Information  on  the  effect  of  work 

diameter  on  tool  life,  mathematical  correlations  of  the  various  machining 
processes  and  the  means  of  predicting  the  surface  quality  in  milling. 

16-  INFORMATION  PERTAINING  TO  ESTIMATING  COST.  SETTING  TINE  STANDARDS,  AND 
PRODUCTION  RATES  IN  MACHINING. 

Typical  Example:  Requested  information  including  formulas  that  could  be 
used  to  predict  production  rates  and  costs. 

‘This  total  does  not  include  requests  for 
published  data  products  such  as  AFMDC  reports. 

SEE  APPENOIX,  PAGE  A-12 
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TOTAL  736 


19 


FIGURE  15 


AIR  FORCE  MACHINABILITY  DATA  CENTER 
SUMMARY  OF  SPECIFIC  INQUIRIES  BY  SIC*  HUMBER 
February  1,  1966  -  January  31,  1967 


sic 

NUMBER  OF 

INQUIRIES 

MAJOR 

SIC 

BY  SIC 

BY  SIC 

GROUP 

INDUSTRY 

INDUSTRY 

MAJOR  GROUP 

%  OF 

NO. 

NO. 

NO. 

NO. 

TOTAL 

91 

FEDERAL  GOVERNMENT 

36 

4.9 

9100 

USAF  -  Wright  Field 

11 

9100 

USAF  -  Andrews  Air  Force  Base 

1 

9100 

USAF  -  Tinker  Air  Force  Base 

4 

9100 

U.S.  Army 

10 

9100 

U.S.  Navy 

5 

9100 

National  Aeronautics  ft  Space  Administration 

2 

9100 

Small  Business  Administration 

1 

9137 

Philadelphia  Naval  Shipyard 

1 

9190 

BOSA  Department  op  Commerce 

1 

19 

ORDNANCE  AND  ACCESSORIES 

1 

0. 1 

1921 

Artillery  Ammunition 

1 

26 

PAPER  ANO  ALLIED  PRODUCTS 

1 

0.1 

2621 

Paper  Mills,  exccpt  Building  Paper  Mills 

1 

27 

PRINTING,  PUBLISHING,  AND  ALLIED  INDUSTRIES 

6 

0.8 

2721 

Periodicals:  Publishing,  Publishing  and  Printing 

6 

28 

CHEMICALS  AND  ALLIED  PRODUCTS 

12 

1  .6 

2811 

Industrial  Inorganic  ano  Organic  Chemicals 

1 

2813 

1 NDUSTR 1 AL  GASES 

1 

2818 

Industrial  Organic  Chemicals 

2 

2819 

Industrial  Inorganic  Chemicals 

1 

2821 

Plastics  Materials,  Synthetic  Resins,  ft  Nonvulcan i zable 

Elastomers 

2 

2833 

Meoicinal  Chemicals  and  Botanical  Products 

5 

29 

PETROLEUM  REFINING  ANO  RELATED  INDUSTRIES 

6 

0,8 

291  1 

Petroleum  Repining 

5 

2992 

Lubricating  Oils  ano  Greases 

1 

31 

LEATHER  ANO  LEATHER  PROOUCTS 

I 

0,1 

3121 

Industrial  Leather  Belting  and  Packing 

1 

32 

STONE,  CLAY,  ANO  GLASS  PROOUCTS 

1  1 

1  r«> 

3229 

Pressed  and  Blown  Glass  ano  Glassware 

2 

3264 

Porcelain  Electrical  Supplies 

1 

3291 

Abrasive  Products 

7 

3297 

Nonclay  Refractories 

i 

33 

PRIMARY  METAL  INDUSTRIES 

59 

3312 

Blast  Furnaces  (incluoing  coke  ovens),  Steel  Works,  & 

Rolling  Mills 

4 

3321 

Gray  Iron  Foundries 

2 

3323 

Steel  Foundries 

10 

3332 

Primary  Smelting  and  Repining  op  Lead 

7 

3334 

Primary  Production  op  Aluminum 

i 

3339 

Primary  Smelting  A  Repining  op  Nonperrous  Metals 

17 

3341 

Secondary  Smelting,  Repining  ft  Alloying  op  Nonperrous 

Metals  and  Alloys 

4 

3369 

Nonperrous  Castings 

7 

3391 

Iron  ano  Steel  Forgings 

7 

* Standard  Industrial  Classification  Manual  (SIC),  Executive  Office  of  the  President,  Bureau  of  the  Budeet 
the  Supplement  to  1957  Edit  ion  Standard  Industrial  Class  if icat ion  Manual,  1963 . 


1 95 7 ,  and 


FIGURE  16 
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SEE  APPENOIX,  RABE  A-12 


NUMBER  OF  INQUIRIES 


sic 

MAJOR  SIC 

8R0UP  INDUSTRY 

NO.  NO. 


BY  SIC  BY  SIC 

INDUSTRY  MAJOR  BROUP  %  OF 

NO.  _ NO. _  TOTAL 


3423 

FABRICATED  METAL  PRODUCTS,  EXCEPT  ORDNANCE, 

MACHINERY,  ANO  TRANSPORTATION  EQUIPMENT 

Hand  and  Edge  Tools,  except  Machine  Tools  A  Hand  Saws 

1 

3433 

Heat'ng  Eouipment,  except  Electrical 

1 

3443 

Fabricated  Plate  Work 

17 

3451 

Screw  Machine  Products 

3 

3452 

Bolts,  Nuts,  Screws,  Rivets  ano  Washers 

! 

3461 

Metal  Stampings 

2 

3490 

Miscellaneous  Fabricated  Metal  Products 

2 

3492 

Safes  and  Vaults 

1 

3494 

Valves  A  Pipe  Fittings,  except  Plumber’s  Brass  Goods 

5 

35  MACHINERY,  EXCEPT  ELECTRICAL  170 

3511  Engines  and  Turbines  (except  Aircraft)  2 

3519  Internal  Combustion  Engines  1 

3522  Farm  Machinery  ano  Eouipment  4 

3531  Construct i on  Mach i nery  and  Eouipment  3 

3533  Oil  Fielo  Machinery  ano  Eouipment  2 

3541  Machine  Tools,  Metal  Cutting  Types  55 

3542  Machine  Tools,  Metal  Forming  Types  2 

3544  Special  Dies  and  Tools,  Die  Sets,  Jigs  &  Fixtures  5 

3545  Machine  Tool  Accessories  and  Measuring  Devices  21 

3551  Food  Products  Machinery  2 

3552  Textile  Machinery  1 

3554  Paper  Industries  Machinery  2 

3555  Printing  Trades  Machinery  and  Eouipment  1 

3561  Pumps,  Air  A  Gas  Compressors,  A  Pumping  Eouipment  4 

3562  Ball  and  Roller  Bearings  5 

3566  Mechanical  Power  Transmission  Eouipment,  except  Ball  A 

Roller  Bearings  3 

3569  General  Industrial  Machinery  and  Eouipment  4 

3571  Computing  a  Accounting  Machines  8 

3576  Scales  and  Balances  3 

3585  Refrigerators,  Refr igeration  Machinery  7 

3591  Machine  Shops,  Jobbing  ano  Repair  25 

3599  Machinery  and  Parts  9 
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36  ELECTRICAL  MACHINERY,  EOUIPMENT  AND  SUPPLIES 

3611  Electric  Measuring  Instruments  A  Test  Equipment  3 
3821  Motors  and  Generators  4 
3622  Industrial  Controls  6 
3632  Household  Refrigerators  A  Home  A  Farm  Freezers  1 
3643  Current  Carrying  Wiring  Devices  4 
3661  Telephone  and  Telegraph  Apparatus  2 
3682  Raoio  and  Television  Transmitting  Apparatus  8 
3673  Transmitting,  Industrial,  A  Special  Purpose  Electron 

Tubes  3 
3679  Electronic  Components  A  Accessories  5 
3694  Electrical  Eouipment  for  Internal  Combustion  Engines  1 
3899  Electrical  Machinery,  Equipment  a  Supplies  1 


38  5.2 


37 

371 1 

3721 

3722 
3729 

TRANSPORTATION  EQUIPMENT 

Motor  Vehicles 

Aircraft  and  Missiles 

Aircraft  Engines  A  Engine  Parts-Mi  ss i le  Engines 

Aircraft  Parts  A  Auxiliary  Eouipment-Missile  Parts 

7 

156 

74 

27 

264 

35.9 

38 

PROFESSIONAL,  SCIENTIFIC,  t  CONTROLLINO  INSTRUMENTS; 

PH0T06RAPHIC  t  OPTICAL  GOODS;  WATCHES  t  CLOCKS 

4 

0.5 

381 1 

Engineering,  Laboratory,  Scientific  Instruments 

1 

3821 

Mechanical  Measuring  A  Controlling  Instruments 

1 

3831 

Optical  Instruments  A  Lenses 

1 

3871 

Watches,  Clocks,  and  Parts  except  Watchcases 

1 

39 

MISCELLANEOUS  MANUFACTURING  INDUSTRIES 

2 

0.3 

3911 

Jewelry,  Precious  Metal 

1 

3964 

Neeoles,  Pins,  Hooks  A  Eyes,  A  Similar  Notions 

1 

21 


FI8URE  tB  (coni.) 


INDUSTRY 

NQ. 


WHOLESALE  TRADE 

Electronic  Parts  ano  Eouipment 
Commercial  ft  Industrial  Machinery 
Machinery,  Eouipment  ft  Supplies 

RETAIL  TRAOE-BU I LO INS  MATERIALS,  hARDWARE  t  FARM 

EQUIPMENT 

Hardware  Stores 

MISCELLANEOUS  BUSINESS  SERVICES 

Research,  Development  ft  Testing  Laboratories 

Business  &  Management  Consulting  Services 

MISCELLANEOUS  REPAIR  SERVICES 
Repair  Shops  a  Related  Services 

EDUCATIONAL  SERVICES 

Colleges,  Universities,  ft  Professional  Schools 

NONPROFIT  MEMBERSHIP  ORGANIZATIONS 

Professional  Membership  Organizations 

MISCELLANEOUS  SERVICES 

Engineering  and  Arcmi tectubal  Services 

Nonprofit  Educational  and  Scientific  Research  Agencies 


HUMBER  OF  INQUIRIES 

BY  SIC  BY  SIC 

INOUSTRY  MAJOR  GROUP 

NO.  NO. 


INDIVIDUALS 


TOTALS 


100.0% 


FIGURE  18  (csiil.) 
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FIGURE  17 


TOTAL  TECHNICAL  INQUIRIES  ASSISTING 

GOVERNMENT  PURPOSES  609 


SUMMARY  OF  SPECIFIC  INQUIRIES  BY  ALL  COMPANIES  t  AGENCIES 
October  I,  1964  -  January  31,  1967 


Asorn,  Robert  H. ,  Millington,  N.J. 

AC F  Industries,  Inc.,  Albuoueroue,  N.  M ex. 

Accurate  Bushing  Company,  Garwood,  N.  J. 

Acraloc  Cohporation,  Oak  RiciE,  Tenn. 

Aoamas  Carbide  Corporation,  Kenilworth,  N.J. 
Aerojet-General  Corporation,  Azusa,  Calit. 
Aerojet-General  Corporation,  Downey,  Calif. 
Aerojet-General  Corporation,  Sacramento,  Calif. 
Aerojet-General  Corporation,  Dayton,  Ohio 
Aeronca  Manufacturing  Corporation,  Middletown,  Ohio 
Aeroprojects  Inc.,  West  Chester,  Pa. 

Aeroouip  Corporation,  Van  Wert,  Ohio 
Aerospace  Research  Applications  Center, 

Bloomington,  I  no. 

AlME.  New  York,  N.Y. 

Air  Force  heaoouarters ,  Washington,  O.C. 

Air  Force  Representative,  The  Martin  Company, 

Denver,  Colo. 

AiResearch  Manufacturing  Co.,  Los  Angeles,  Calif. 
AiRcsearch  Manufacturing  Co.,  Phoenix,  Ariz. 

Allegany  Ballistics  Laboratory,  Cumberland,  Mo. 
Allegheny  Luolum  Steel  Corporation,  Dunkirk,  N.Y. 
Alliance  Tool  Co,,  Inc.,  St.  Louis,  Mo. 

Allied  Chemical  Corporation,  Morristown,  N.J. 

All i s-Chalmers  Manufacturing  Co.,  Milwaukee,  Wise. 

Allvac  Metals  Company,  Monroe,  N.C. 

Aluminum  Company  of  America,  Pittsburgh,  Pa. 

American  Bosch  Arma  Corp.,  Springfield,  Mass. 

American  Brake  Shof.  Company,  Elyria,  Ohio 
American  Cyanamid  Company,  Sanford,  Me. 

American  Launory  Machinery  Industries,  Cincinnati,  Ohio 
American  Machine  A  Founory  Co.,  York,  Pa. 

American  Saw  a  Manufacturing  Co.,  East  Longmeadow,  Mass. 
American  Society  for  Metals,  Metals  Park,  Ohio 
American  Welding  A  Manufacturing  Co.,  Warren,  Ohio 
Amcs  Laboratory,  Ames,  Iowa 

Ahoerson  Brothers  Manufacturing  Co.,  Rockford,  III. 
Andrews  Air  Force  Base,  Washington,  O.C. 

Anocut  Engineering  Company,  Elk  Grove  Village,  III. 

Apek  Corporation,  Baltimore,  Mg. 

Argonnc  National  Laboratory,  Aroonne ,  III. 

Arkwin  Industries,  Inc.,  Westoury,  N.Y. 

Armco  Steel  Corporation,  Baltimore,  Mo. 

Armco  Steel  Corporation,  Cincinnati,  Ohio 
Armstrong  Blum  Mfo.  Company,  Cincinnati,  Ohio 
Army  Procurement  District,  Chicago,  III. 
aro,  Arnold  Air  Force  Station,  Tenn, 

Arror  Gear  Company,  Downers  Grove,  III. 

Automation  Accessories, Inc. ,  Cincinnati,  Ohio 
Automation  Industries,  Inc.,  Abilene,  Tck. 

Avco  Corporation,  Stratford,  Conn. 

AvCO  CORPORAT I  ON ,  RICHMOND,  |N0. 

Avco  Corporation,  Wilmington,  Mass. 

Avco  Corporation,  Nashville,  Tenn. 

Avco  New  Idea,  Colowatcr,  Ohio 

Avey  Machine  Tool  Company,  Covington,  Ky. 

Baog'tt  a  Smith  Associates  Inc.,  Cincinnati,  Ohio 
Baker  Oil  Tools,  Inc.,  Los  Angeles,  Calif. 
Balowin-Lima-Hamilton,  Burnham,  Mitflin  County,  Pa. 
Battelle  Memorial  Institute,  Columbus,  Ohio 
Battelle-Northwest  Lab.,  Richland,  Wash.. 

Bausch  a  Lomb,  Rochester,  N.Y, 

8DSA,  Departmeht  of  Commerce,  Washington,  O.C. 

Bell  Helicopter  Company,  Ft.  Worth,  Tex. 

Beloit  Corporation,  Beloit,  Wise. 

Beloit  Eastern  Corporation,  Downihgtom,  Pa. 

Bcllows-Valva ir  Corporation,  Cincinnati,  Ohio 
Benoix  Corporation  (The),  Kansas  City,  Mo. 

Benoix  Corporation  (The),  Teterboro,  N.J. 

Benoix  Corporation  (The),  York,  Pa. 

Benoix  Research  Labs.,  Southfielo,  Mich, 


Benedict-Miller,  Inc.,  Lyndhurst,  N.J. 

Benrus  Watch  Company,  Waterbury,  Conn. 

Berco  Manufacturing  Company,  Waterbury,  Cohn. 
Beryllium  Corporation  (The),  Reading,  Pa. 

Besly-Welles  Corporation,  South  Beloit,  III. 
Besly-Welles  Corporation,  Cincinnati,  Ohio 
Bethlehcm  Steel  Corporation,  Bethlehem,  Pa. 

Bigger  Co.,  C.  m.,  Reading,  Ohio 

Black  A  Decker  Manufacturing  Co.,  Towson,  Pa. 

Bliss  Co.,  E.  W.,  South  Portlano,  Me. 

Boeing  Company  (The),  Wichita,  Kansas 
Boeing  Company  (The),  New  Orleans,  La. 

Boeing  Company  (The),  Renton,  Wash. 

Boeing  Company  (The),  Seattle,  Wash. 

Bouar  Company,  Cincinnati,  Ohio 
Bostrom  Corporation,  Milwaukee,  Wise. 

Brad  Foote  Gear  Works,  Inc.,  Cicero,  III. 

Brands  Machining  Co.,  Portland,  Pa. 

Brass  a  Bronze  Institute,  Chicago,  III. 

Briggs  A  Stratton  Corp.,  Milwaukee,  Wise, 

Brigham  Young  University,  Provo,  Utah 
Brooks  a  Perkins  Inc.,  Detroit,  Mich. 

Brown  a  Root,  Inc.,  Houston,  Tex, 

Brubaker  Tool  Corporation,  Milltrsburg,  Pa. 

Brunswick  Corporation,  Muskegon,  Mich. 

Brush  Beryllium  Company  (The),  Cleveland,  Ohio 
Brush  Beryllium  Company  (The),  Elmore,  Ohio 
Buerk  Tool  A  Machine  Corp.,  Buffalo,  N.Y, 

Bullard  Company  (The),  Bridgeport,  Conn. 

Bunker-Ramo  Corporation,  Cleveland,  Ohio 
Burgess-Norton  Manufacturing  Co.,  Geneva,  III. 
Burgmaster  Corporation,  Cincinnati,  Ohio 
Burndv  Corporation,  Norwalk,  Conn. 

California  General,  Inc.,  Chula  Vista,  Calif, 

Camcar  Screw  a  Manufacturing  Co.,  Rockford,  III. 
Cameron  Iron  Works,  Houston,  Tex, 

Carborundum  Company  (The),  Niagara  Falls,  N.Y. 
Carlisle  Chemical  Worxs,  Inc.,  Reading,  Ohio 
Carmct,  Pittsburgh,  Pa. 

Carnegit  Institute  of  Technology,  Pit.sburgh,  Pa. 
Carrier  Air  Conditioning  Co.,  Syracuse,  N.Y. 
Caterpillar  Tractor  Company,  Decatur,  III. 

Caterpillar  Tractor  Company,  Peoria,  III. 

CEEMCO,  Cincinnati,  Ohio 

Celanese  Fibers  Company,  Narrows,  Va, 

Central  Fabricators  Inc.,  Cincinnati,  Ohio 
Chambers  Aircraft,  Shelbyville,  Ind. 

Chandler  Evans  Inc.,  Wcst  Hartforo,  Conn, 

Chrysler  Corporation,  New  Orleans,  La, 

Chrysler  Corporation,  Dearrorn,  Mich. 

Chucking  Machine  Products,  Inc.,  Franklin  Park,  III. 
Cincinnati  Lathe  A  Tool  Co.,  Cincinnati,  Ohio 
Cincinnati  milling  Machine  Co.  (The),  Cincinnati,  Ohio 
Cincinnati  Mine  Machinery  Company,  Cincinnati,  Ohio 
Cincinnati  Shaper  Company,  Whitewater,  Ohio 
Cincinnati,  University  of,  Cincinnati,  Ohio 
Clearinghouse  for  Federal  Scientific  a  Technical 
Information,  Springfield,  Mo. 

Cleveland  Pneumatic  Tool  Co.  (Thc),  Cleveland,  Ohio 
Cleveland  Twist  Orill  Company,  Cleveland,  Ohio 
Cobalt  Information  Center,  Columbus,  Ohio 
Collins  Radio  Company,  Ceoar  Rapids,  Iowa 
Collins  Radio  Company,  Dallas,  Tex. 

Colt  Industries  Inc.,  Beloit,  Wise. 

Con cord-Renn  Company,  Cincinnati,  Ohio 
Continental  Aviation  A  Engineering,  Oetroit,  Mich. 
Continental  Copper  A  Steel  Co.,  Braeburn,  Pa. 

Co':t inental-Emsco  Co.,  Garlano,  Tlx. 

Conver  Steel  a  Wire  Co.  Inc.,  New  York,  N.Y. 

Coors  Co.,  Inc.,  H.F.,  Inglewooo,  Calif. 

Corhart  Refractories  Co.,  Buckhannon,  W,  Va, 
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Cornell  Aeronautical  Lab.  Inc.,  Buffalo,  N.Y. 

Corning  Glass  Works,  Corning,  N.Y. 

Cor i*l a n  Associates,  Chicago,  III. 

Craftnceos  Inc.,  Cincinnati,  Ohio 
CRANE.  New  Castle,  Pa. 

Crucible  Steel  Co.  of  America,  Pittsburgh,  Pa. 

Crucible  Steel  Co.  of  America,  Cincinnati,  Ohio 
Cummins  Encine  Company,  Inc.,  Columbus,  Ino. 

Curtiss* Wright  Corp.,  Calowell,  N.J. 

Curt i ss-Wr ight  Corp.,  Wood-Ridge,  N.J. 

Curt i ss-Wr ight  Corp.,  Buffalo,  N.Y. 

Custom  Tooling  Company,  Cincinnati,  Ohio 

Oalmo  Victor  Company,  Belmont,  Calif. 

Data  Information  Gathering  Service,  Palo  Alto,  Calif. 
Davewood  Supply  Company,  Rockforo,  III. 

Dayton  Research  Institute,  University  of,  Dayton,  Ohio 
Deere  8  Company,  Moline,  III. 

Del  Machine  ft  Welding  Works,  Inc.,  Houston,  Tex. 
Detroit  Broach  a  Machine  Company,  Rochester,  Mich. 
Deutsch  Company,  Los  Angeles,  Calif. 

Diamond  Alkali  Company,  Paynesville,  Ohio 

Diamonite  Products  Manu1- yctur  i  ng  Company,  Shreve,  Ohio 

D-K  Products,  Chicago,  III. 

D-M-E  Corporation,  Detroit,  Mich. 

Douglas  Aircraft  Co.,  Inc.,  Santa  Monica,  Calif. 
Douglas  Aircraft  Co.,  Inc.,  Long  Beach,  Calif. 

Dow  Chemical  Company  (The),  Denver,  Colo. 

Dow  Chemical  Company  (The),  Golden,  Colo. 

Dow  Chemical  Company  (The),  Midland,  Mich. 

Drew  Chemical  Corporation,  Boonton,  N.J. 

Drexel  Institute  of  Technology,  Philadelphia,  Pa. 
DuPont  ocNemours  ft  Co.,  E.I.,  Wilmington,  Del. 

Eaton  M,.nufactur  ihg  Co.,  South  Euclio,  Ohio 
Edmunos  Manufacturing  Company,  Farmington,  Conn. 

EIS  Automotive  Corporation  (The),  Middletown,  Conn. 

Ei tel-McCullough,  Inc,,  San  Carlos,  Calif. 

Elano  Corporation,  Xenia,  Ohio 

Elastic  Stop-Nut  Corp,  of  America,  Union,  N.J. 

Electric  Storage  Battery  Co.  (The),  Philadelphia,  Pa. 
Elcctrical  Machining  Inc.,  Cincinnati,  Ohio 
Electronic  Specialty  Co.,  Portland,  Dreg. 

Elliott  Company,  Jeannette,  Pa, 

Elox  Corporation  of  Michigan,  Troy,  Mich. 

Eric  Industries,  Inc.,  Fcrnoalc,  Mich, 

Ernst,  “ahs,  Clcarwatcr,  Fla, 

Eucmd  Machinc  Company  Inc.,  Indianapolis,  Ind. 
Ex-Ccll-0  Corporation,  Lima,  Ohio 

Fairchild  Hiller  Corporation,  RockvIllc,  Mo. 

Fairchild  Hiller  Corporation,  Farmingdalc,  L.I.,  N.Y. 
Fairchilo  Precision  Metals  Products,  El  Cajon,  Calif, 
Fanstecl  Metallurgical  Corp.,  No.  Chicago,  III. 
Fibcrite  Corpcration,  Winona,  Minn. 

Firestone  Tirc  ft  Rubber  Co.  (The),  Akron,  Ohio 
Firth  Sterling  Inc,,  Pittsburgh,  Pa. 

Fisciicp  Governor  Company,  Marshalltown,  Iowa 
Ford  Motor  Company,  Dcarborn,  Mich, 

Foro  Motor  Company,  Livonia,  Mich. 

Foro  Motor  Company,  Cincinnati,  Ohio 
Frankforo  Arsenal,  Philadelphia,  Pa. 

Franklin  Balmar  Corporation,  Baltimore,  Mg. 

Franklin  Electric  Co.,  Inc,,  Bluffton,  Ino. 

Fuller  Merriam  Company,  West  Haven,  Conn, 

Fyr-Fyter  Company  (The),  Newark,  N.J. 

GftO  Tool  ft  Die  Company,  Beechgrove,  Ino. 

Galm  Company,  Kenneth  J.,  Inoianafolis,  Ino. 

Gardner  Machine  Company,  South  Beloit,  III, 

General  Dynamics  Corporation,  San  Diego,  Calif. 

General  Dynamics  Corporation,  Groton,  Conn. 

Gcneral  Oynamics  Corpuhation,  Ft,  Worth,  Tex. 

General  Dynamics  Corporation,  New  York ,  N.Y. 


Genera!  Electi.ic  Company,  Cincinnati,  Ohio 
General  Electric  Company,  Schencctaoy,  N.Y. 

General  Electric  Company,  Everett,  Mass. 

General  Electric  Company,  Lynn,  Mass. 

General  Electric  Company,  Philadelphia,  Pa. 

General  Electric  Company,  Dayton,  Ohio 
General  Electric  Company,  Burlington,  Vt. 

General  Electric  Company,  Phoenix,  Ariz. 

General  Electric  Company,  Pleasantown,  Calif. 

General  Electric  Company,  San  Jose,  Calif. 

General  Electric  Company,  Bloomington,  III. 

General  Electric  Company,  Ft.  Wayne,  Ind. 

General  Electric  Company,  Louisville,  Ky. 

General  Electric  Company,  Warren,  Micii. 

General  Electric  Company,  Detroit,  Mich. 

General  Electric  Company,  Utica,  N.Y. 

General  Electric  Company,  Cleveland,  Ohio 
General  Electric  Company,  Erie,  Pa. 

General  Electric  Company,  Syracuse,  N.Y. 

General  Electric  Company,  Rutland,  Vt. 

General  Electric  Company,  Valley  Forge  Space  Technology 
Center,  Philadelphia,  Pa. 

-General  Motors  Corporation,  Warren,  Mich. 

General  Motors  Corporation,  Anderson,  Ind. 

General  Motors  Corporation,  Frigidaire  Division, 

Dayton,  Ohio 

General  Motors  Corporation,  Inland  Manufacturing 
Division,  Davton,  Ohio 

General  Motors  Corporation,  Indianapolis,  Ino. 

General  Motors  Defense  Research  Lab.,  Santa  Barbara, 
Calit , 

General  Motors  Institute,  Flint,  Mich, 

General  Precision,  Inc,,  Binghamton,  N.Y. 

General  Precision  Aerospace,  Technical  Information 
Center,  Little  Falls,  N.J. 

Gisholt  Corporation,  Madison,  Wise. 

Glidoew  Company  (The),  Baltimore,  Mo. 

Goldman  a  Company,  Harvey,  Dearborn,  Mich. 

Goooyear  Aerospace  Corporation,  Akron,  Ohio 
Goulds  Pumps,  Inc,,  Seneca  Falls,  N.Y. 

Graham  Research  Laboratory,  Pittsburgh,  Pa. 

Gray  Co.,  G.A.,  Cincinnati,  Ohio 

Great  Lakes  Research  Corp.,  El i zabetmton ,  Tenn, 

Greenfield  Tap  ft  Die  Company,  Greenfield,  Mass. 

Grecnleaf  Corporation,  Hagerstown,  Pa. 

Griko  Chemical  Products,  Inc.,  Newark,  N.J. 

Grumman  Aircraft  Engineering  Corp.,  Bethpage,  L.I.,  N.Y. 


HftC  Supply  Corporation,  Rochester,  N.Y. 

Hamilton  Standard,  Windsor  Locks,  Conn. 

Hamilton  Tool  ft  Machinc  Co.,  Kenilworth,  N.J. 
Harniscmfeger  Company,  Escanaba,  Mich. 
Harris-Intertype  Corporation,  Cleveland,  Ohio 
Harvard  Business  School,  Cambridge,  Mass. 

Harvey  Aluminum  Salcs  Inc.,  East  Orange,  N.J, 
Hastings  Manufacturing  Co.,  Hastings,  Mich. 

Hater  Industries,  Cincinnati,  Ohio 
Heald  Machine  Company,  Worcester,  Mass, 

Herkert  Products  Company,  Chicago,  III. 

Hill,  George  M.,  Oxford,  Ohio 

Hirschmann  Corporation,  Roslyn  Heights,  N.Y. 

Hobart  Manufacturing  Company,  Troy,  Ohio 

Hoffman  Brothers  Jcwelry  Company,  Tunxsutawney,  Pa. 

Holley  Carburetor  Company,  Warren,  Micii. 

Honeywell  Inc.,  St.  Petersburg,  Fla. 

Honeywell  Inc.,  New  Brighton,  Minn. 

Houghton  Company,  E.F.,  Cincinnati,  Ohio 
Houston,  University  of,  Houston,  Tex. 

Hughes  Aircraft  Company,  Culver  City,  Calif. 

Hughes  Aircraft  Company,  El  Segundo,  Calif. 

Hyoraulic  Research  ft  Manufacturing  Company,  Burbank, 
Calif. 

Hyster  Company,  Portland,  Oreg, 
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IIT  Research  Institute,  Chicago,  III. 

ITT  Cannon  Electric  Inc.,  Los  Angeles,  Calif. 

Illinois  Institute  of  Technology,  Chicago,  III. 
Illinois,  University  of,  Urbana,  III. 

Ingersoll  Milling  Machine  Co.  (The),  Rockford,  III. 
Incersoll-Rano  Company,  Princcton,  N.J. 

Ingersoll-Rano  Company,  Paintcd  Post,  N.Y. 
Ingersoll-Rano  Company,  Phi  i.l  i  psburg,  N.J. 

Institute  of  Gas  Technology,  Chicago,  III. 

International  Business  Machines  Corp.,  Rockville,  Mo. 
International  Business  Machines  Corp.,  Owega,  N.Y. 
INTERNAT IONAL  BUSINESS  MACHINES  CORP.,  KINGSTON,  N.Y. 
International  Business  Machines  Corp.,  Endicot-,  N.Y. 
International  Business  Machines  Corp.,  Lexington,  Ky. 
International  Business  Machines  Corp. .Poughkeeps i e ,  N.Y 
International  Business  Machines  Corp.,  Dayton,  Ohio 
International  Harvester  Co.,  Chicago,  III. 

International  Leap.  Zinc  Research  Organization  Inc., 

New  York,  N.Y. 


1 NTCRNAT 1 ONAL 

Nickel 

Co.. 

1  NC  . 

(The) , 

New  York,  N.Y, 

1 NTERNAT 1 ONAL 

Nickel 

Co. , 

Inc. 

(The) , 

SUFFERN,  N.Y. 

INTERNAT IONAL 

nickel 

Co. , 

Inc. 

(The), 

Dayton,  Ohio 

INTERNAT 1 ONAL 

nickel 

Co. , 

Inc. 

IThe) , 

Hunt i ngton ,  W.Va . 

Ion  Physics  Corporation,  Burlington,  Mass. 

Iowa,  University  of,  Iowa  City,  Iowa 
Iron  Age,  Philadelphia,  Pa. 

Janssen  Manufacturing  Company,  Waynesville,  Ohio 
Jarvis  Corp.,  Greenwood,  S.C. 

Jarvis  Corp.,  Portland,  Conn. 

Jeroen  Manufacturing  Company,  Indianapolis,  .Ino. 
Jones  ft  Lamson,  Springfield,  Va. 

Jones  ft  Laughlin  Steel  Corp.,  Inoianapolis,  Ino. 

KOI  Company,  Cincinnati,  Ohio 

Kansas  State  College  of  Pittsburgh,  Pittsburgh,  Pa. 
Karl  ano  Sons,  William,  Middle  Village,  L.I.,  N.Y. 
Kearney  ft  Co.,  Inc.,  A.T.,  Chicago,  III. 

Kearney  ft  Trecker,  Milwaukee,  Wise. 

Kennamctal,  Inc.,  Cincinnati,  Ohio 
Kennamctal ,  Inc.,  Latrobc,  Pa. 

Kerns  Manufacturing  Company,  Long  Island  City,  N.Y, 
King  Fifth  Wheel  Company,  Mountaintop,  Pa. 

Kinsey  Co.,  E.A.,  Cincinnati,  Ohio 
KlIk  Industries,  Hartford,  Conn. 

Koehring  Co.,  HPM  Oivision,  Mt ,  Gilead,  Ohio 
Koppers  Company  Inc.,  Baltimore,  Mo, 

Krcislcr  Industrial  Corp.,  East  Paterson,  N.J, 

Kress  Corporation,  Cleveland,  Ohio 
Kronenbebg,  Dr,  Max,  Cincinnati,  Ohio 
Kuntz  Co.,  J.R.,  Dayton,  Ohio 

LTV  Elcctrosystems ,  Inc.,  Greenville,  Tex. 

Laoish  Company,  Cudahy,  Wise. 

Latrobe  Steel  Company,  Latrobe,  Pa. 

Lawrence  Radiation  Laboratory,  Livcrmorc,  Calif. 
Lcar  Sieglcr  Company,  Grand  Rapios,  Mich. 

Lcbahon  Steel  Foundry,  Lebanon,  Pa. 

LcBlono  Tool  Company,  R.K.,  Cincinnati,  Ohio 
Lehigh  University,  Bethlehem,  Pa. 

Lenhor  Engineerihg  Company,  Chicago,  III. 

Lessells  ano  Associates,  Waltham,  Mass. 
Ling-Temco-Vought,  Inc.,  Oallas,  Tex. 

Link  Belt  Company,  Inoianapolis,  Ino. 

Link  Belt  Company,  Philadelphia,  Pa. 

Little  Co.  Inc.,  Arthur  D.,  Cambridge,  Mass. 

Lloyo  Psooucts  Company,  Cincinnati,  Ohio 
Lockheeo  Aircraft  Corporation,  Burbank,  Calif. 
Lockheeo  Aircraft  Corporation,  Sunnyvale,  Calif. 
Lockmeeo-Georgia  Company,  Marietta,  Ga. 

Lockhceo  Missiles  ft  Space  Co.,  Palo  Alto,  Calif. 
Lockheco  Propulsion  Company,  Reolanos,  Calif. 
Lonoycar  Company,  E.J.,  Minneapolis,  Minn. 

Loro  Manufacturing  Company,  Erie,  Pa. 


Loud  Company,  H.W. ,  Pomona,  Calif. 

Lubrx  Products  Inc.,  North  Attleboro,  Mass. 
Lunkenheimer  Company,  Cincinnati,  Ohio 

MSftR  I nc . ,  1  rw IN,  Pa . 

Machinccraft,  Inc.,  Baltimore,  Mo. 

Machinery,  Birmingham,  Mich.  ' 

Machining  Technology  Corporation,  So.  Windsor,  Conn. 
Macklin  Company,  Jackson,  Mich. 

Madison  Industries,  Providence,  R.i. 

Maffitt  Tool  ft  Machine  Co.,  St.  Louis,  Mo. 

Magna  Machine  Company,  Cincinnati,  Ohio 
Manhattan  Ravbestos,  Corinth,  Ky. 

Mansfielo  Photo  Engraving,  Mansfield,  Ohio 
Maremont  Company,  Saco,  Me. 

Marlin  Rockwell  Company,  Plainville,  Conn. 

Marouarot  Corporation  (The),  Van  Nuvs,  Calif. 

Marouarot  Corporation  (The),  Ogden,  Utah 
Martin  Company,  Orlando,  Fla, 

Martin  Company,  Baltimore,  Mo. 

Martin  Company,  Denver,  Colo. 

Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 
Master  Chemical  Corporation,  Perrvsburg,  Ohio 
Materials  in  Design  Engineering,  New  York,  N.Y. 
Materials  Development,  Inc.,  Prospect,  Kv. 

Materials  Testing  Laboratory,  Los  Angeles,  Calif. 
Maynard  and  Company  Inc.,  H.B.,  Pittsburgh,  Pa. 

Mead  Corporation,  Cincinnati,  Ohio 
Measuregraph  Company  (The),  St.  Louis,  Mo. 

Mechanical  Supplies  Company,  Cincinnati,  Ohio 
MELPAR  Materials  Information  Center,  Kennedy  Space 
Center,  Fla. 

Menasco  Manufacturing  Company,  Ft,  Worth,  Tex. 

Mercer  Alloys  Corporation,  Greenvile,  Pa. 

Mercer  Machine  Company,  Indianapolis,  Ind. 

Metal  Finishing  Service,  Chicago,  III. 

Metal  Lubricants  Company,  Chicago,  III. 

Metal  Matic  Inc,,  South  Bend,  Ino. 

Metal  Powder  Industries  Federation,  New  York,  N.Y. 
Metalworking  Magazine,  Boston,  Mass. 

Metalworking  News,  Cincinnati,  Ohio 

Metcut  Research  Associates  Inc.,  Cincinnati,  Ohio 

Metem  Corporation,  Hanover,  N.J. 

Midwest  Research  Institute,  Kansas  Citt,  Mo. 

Miniature  Precision  Bearings,  Inc,,  Keene,  N.H. 
Minnesota  Mining  ft  Manufactur ing  Co.,  St.  Paul,  Minn. 
Mississippi  State  University,  Gulfport,  Miss. 

Monsanto  Research  Corporation,  Miamisburo,  Ohio 
Monsanto  Research  Corporation,  Dayton,  Ohio 
Montgomery  Co.,  H.A.,  Detroit,  Mich. 

Morcheao  State  University,  Morehead,  Ky. 

Morform  Tool  Company,  Cincinnati,  Ohio 
Morris  ft  Company,  E.K.,  Cincinnati,  Ohio 
Morwear  Tools  Inc.,  Cincinnati,  Ohio 
Moslcr  Lock  Company,  Milford,  Ohio 

McCulloch  Corporation,  Los  Angeles,  Calif. 

McDonnell  Aircraft  Corporation,  St,  Louis,  Mo. 

McGregor  Manufacturing  Corp.,  Troy,  Mich. 

McMellon  Brothers,  Inc.,  Bridgeport,  Conn, 

NASA,  Bcthesda,  Mo. 

NASA  Lewis  Research  Center,  Cleveland,  Ohio 
NASA  Scientific  ft  Technical  Information  Facility, 
College  Park,  Mo. 

National  Cash  Register  Company,  Dayton,  Ohio 
National  Forge  Company,  Irvine,  Warren  County,  Pa. 
National  Leao  Co.  of  Ohio,  Cincinnati,  Ohio 
National  Lead  Co.  of  Ohio,  Fernald,  Ohio 
National  Screw  Machine  Products  Association,  Cleveland, 
Ohio 

National  Water  Lift  Company,  Kalamazoo.  Mich, 
nelco  Cutter  Company,  Manchester,  Conn. 

Neuman  ano  Company,  H.,  Skokie,  III. 
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Nevill,  C.R.,  Indianapolis,  Ind. 

New  Britain  Machine  Co.  (The),  New  Britain,  Conn. 

New  England  Metallurgical  Corporation,  So.  Boston,  Mass 
Noroen  Company,  Norwalk,  Conn. 

North  American  Aviation,  Inc.,  Anaheim,  Calif. 

North  American  Aviation,  Inc.,  Tulsa,  Okla. 

North  American  Aviation,  Inc.,  Canoga  Park,  Calif. 

North  American  Aviation,  Inc.,  Columbus,  Ohio 
North  American  Aviation,  Inc.,  Los  Angeles,  Calif. 

North  American  Aviation,  Inc.,  Inglewood,  Calif. 

North  American  Aviation,  Inc.,  El  Segundo,  Calif. 
Northrop  Norair,  Hawthorne,  Calif. 

Northrop  Ventura,  Newbury  Park,  Calif. 

Norton  Company,  Worcester,  Mass. 

Nuclear  Metals,  Inc.,  West  Concord,  Mass. 

Nu  Tec  Engineering  Corporation,  Warren,  Mich. 

Nu-Tool  Saw  Service,  Inc.,  Detroit,  Mich. 

OK  Tool  Company,  Inc.,  Milford,  N.H. 

OPW,  Cincinnati,  Ohio 

Oakes  Corporation,  E.T.  (The),  Long  Islano,  N.Y. 

Oberg  Manufacturing  Company,  Inc.,  Freeport,  Pa. 

Ohio  State  University  (The),  Columbus,  Ohio 
Oklahoma  State  University,  Stillwater,  Okla. 

Ontario  Corporation,  Muncie,  Ind. 

Oregon  Technical  Institute,  Klamath .Falls ,  Oreg. 

Packer  Consulting  Associates,  Naperville,  III. 

Panda  Products,  Cincinnati,  Ohio 
Peck,  Paul  H. ,  Brockton,  Mass. 

Penn  Nuclear  Corporation,  Penn,  Pa. 

Pennsylvania  State  University,  University  Park,  Pa. 
Penta  Technical  College,  Perrysburg,  Ohio 
Pesco  Prooucts,  Beoforo,  Ohio 
Philadelphia  Naval  Shipyard,  Philadelphia,  Pa. 

Philco  Corporation,  Lawndale,  Calif. 

Picatinny  Arsenal,  Dover,  N.J. 

Pipe  Machinery  Company,  Cleveland,  Ohio 
Pittsburgh  Plate  Glass  Co.,  Pittsburgh,  Pa. 

Planet  Products  Corp.,  Cincinnati,  Ohio 

Polymet  Corporation,  Cincinnati,  Ohio 

Pratt  a  Whitney  Aircraft,  West  Palm  Beach,  Fla. 

Pratt  a  Wiiitncy  Aircraft,  East  Hartford,  Conn. 

Precision  Cajtparts  Corporation,  Portland,  Oreo, 
Prestolitc  Co.  (The),  Decatur,  Ala. 

Prisock  Associates,  John,  Cincinnati,  Ohio 
Procter  &  Gamble  Co.,  Cincinnati,  Ohio 
Pruyne  Company,  San  Diego,  Calif. 

Purouc  University,  West  Lafayette,  Ino. 

RCA  Laboratories,  Princeton,  N.J. 

Raoio  Corporation  of  America,  Lancaster,  Pa. 

Radio  Corporation  of  America,  Camocn,  N.J. 

Raythcon  Company,  Waltham,  Mass. 

Raytheon  Company,  Waylano,  Mass. 

Raytheon  Company,  Bristol,  Tenn. 

Reactive  Metals,  Inc.,  Niles,  Ohio 
Redstone  Arsenal,  Reostone  Arsenal,  Ala. 

Republic  Steel  Corporation,  Cleveland,  Ohio 
Resources  Development  Corp.,  E.  Lansing,  Mich. 

Rex  Chainbclt  Inc.,  Downers  Grove,  III. 

Reyholos  Metals  Company,  Richmond,  Va. 

Rock  Island  Arsenal,  Rock  Island,  III. 

Rohr  Corporation,  Chula  Vista,  Calif. 

Rollaway  Bearing  Co.,  Liverpool,  N.Y. 

Roma  Corp.oration,  Indianapolis,  Ino. 

Roots-Connersville  Blower  Div.,  Connersv i lle ,  Ind. 
Rverson  a  Son,  Inc.,  Jos  T. ,  Chicago,  III. 

S4S  Machinery  Company,  Brooklyn,  N.Y. 

SAE  Steels,  Inc.,  Hudson,  Ohio 
St.  Joseph  Lead  Company,  Monaca,  Pa. 

Samgia  Corporation,  Albuoueroue,  N.M. 

Satec  Corporation,  Grove  City,  Pa. 


Saunoers  a  Co.  Inc.,  Alexander,  Cold  Spring,  N.Y. 
Schellens  True  Corporation,  Ivoryton,  Conn. 

Seattle  University,  Seattle,  Wash. 

Secto  Industries  Inc. ,  Cinc innat i  ,  Ohio 
Seybolo  Company,  Cincinnati,  Ohio 
Sheaffer  Pen  Company,  W.A.,  Ft.  Madison,  Iowa 
Sheffield  Corporation  (The),  Dayton,  Ohio 
Shwayoer  Chemical  Metallurgy  Corp.,  Detroit,  Mich. 

Small  Business  Administration,  Chicago,  III. 
Snap-On-Tools  Company,  Kenosha,  Wise. 

Sonnet  Tool  a  Mfg.  Co.,  Hawthorne,  Calif. 

South  Chester  Corporation,  Lester,  Pa. 

South  Shore  Tool  a  Development  Inc.,  Mentor,  Ohio 
Southwest  Research  Institute,  San  Antonio,  Tex. 
Sperry-Farragut  Company,  Bristol,  Tenn. 

Sperry  Microwave  Electronic  Company,  Clearwater,  Fla. 
Spindletop  Research,  Lexington,  Ky. 

Springfield  Armory,  Springfield,  Mass. 

Standard  Oil  Company  (The),  Cleveland,  Ohio 
Standard  Pressed  Steel  Co.,  Jenk intown.  Pa. 

Stark  Industrial  Supply  Company,  Canton,  Ohio 
STEEL  Magaz'ne,  Clevelano,  Ohio 
Sterling  Grinding  Wheel  Co.,  Tiffin,  Ohio 
Sterling  Instrument,  Mineola,  N.Y, 

Stevens  Institute  of  Technology,  Hoboken,  N.J. 

Strasmann  Machinery  Corporation,  Long  Beach,  Calif. 
Stuart  Oil  Co.,  Ltd.,  D.A.,  Chicago,  III, 

Sundstrand  Aviation,  Rockford,  III. 

Sun  Oil  Company,  Marcus  Hook,  Pa. 

Sun  Shipbuilding  a  Dry  Dock  Co.,  Chester,  Pa, 

Sylvester  Screw  Company,  Providence,  R. I . 

TRW  Inc.,  Cleveland,  Ohio 

Tecumseh  Products  Company,  Ann  Arbor,  Mich. 

Teledyne,  Inc.,  Charlottesville,  va. 

Teleflex  Inc.,  North  Wales,  Pa. 

Teletype  Corporation,  Skokie,  III. 

Tennessee,  University  of,  Knoxville,  Tenn, 

Texaco  Inc.,  Beacon,  N.Y. 

Texaco  Inc.,  Cincinnati,  Ohio 
Texas  Instruments  Inc.,  Dallas,  Tex. 

Texas,  University  of,  Austin,  Tex. 

Therm  Inc.,  Ithaca,  N.Y. 

Thiokol  Chemical  Corporation,  Denville,  N.J. 

Timken  Roller  Bearing  Company,  Canton,  Ohio 
Tinker  Air  Force  Base,  Oklahoma 
Tipp  Machine  a  Tool  Inc.,  Tipp  City,  Ohio 
Titanium  Metals  Corp.  of  America,  New  York,  N.y. 

Titanium  Metals  Corp,  of  America,  Toronto,  Ohio 
tool  Sales  a  Service,  Cincinnati,  Ohio 
Townsend  Company,  Santa  Ana,  Calif. 

Tri-d  Corporation,  Plainville,  Conn. 

Tru-Cut  Machine  Corporation,  Fairfax,  Ohio 
Tyler  Corporation,  Benson,  Minn, 

UTD  Corporation,  Athol,  Mass. 

U.S.  Army,  Ft.  Belvoir,  Va, 

U.S.  Army  Eogewood  Arsenal,  Eogewooo  Arsenal,  Mo. 

U.S.  Army  Missile  Command  Project  Office,  Quebec,  Canada 
U.S.  Army  Production  Ejuipment  Agency,  Rock  Island,  III. 
U.S.  Army  weapons  Command,  Rock  Island,  III. 

U.S.  Atomic  Energy  Commission,  Washington,  D.C, 

U.S.  Borax  a  Chemical  Corp.,  New  York,  N.Y. 

U.S.  Electrical  Motors,  Los  Angeles,  Calif. 

U.S.  Naval  Avionics  Facility,  Indianapolis,  Ind. 

U.S.  Naval  Ordnance  Lab.,  White  Oak,  Mo. 

U.S.  Naval  Ordnance  Test  Station,  China  Lake,  Calif. 

U.S.  Steel  Corporation,  Monroeville,  Pa. 

L’f.ion  Carbide  Corporation,  Oak  Ridge,  Tenn. 

Union  Carbide  Corporation,  Kokomo,  Ino, 

Union  Carbioe  Corporation,  Indianapolis,  Ind. 

Union  Carbide  Corporation,  Oak  Ridge  National  Lab., 

Oak  Ridge,  Tenn. 

Union  Carbide  Nuclear  Corp.,  Paducah,  Ky. 
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United  Aircraft  Corporate  Systems  Center, 

Farmington,  Conn, 

United  Air  Lines,  San  Francisco,  Calif. - 
United  Technology  Center,  Sunnyvale,  Calif. 
Universal-Cyclops  Specialty  Steel,  Brioceville,  Pa. 
Utah  State  University,  Locan,  Utah 

V.l.  Jewelry  Manufacturing  Corporation,  New  York,  N.Y 
Valenite  Metals,  Indianapolis,  Ino 
Valeron  Corporation  (The),  Dayton,  Ohio 
Van  Straaten  Chemical  Company,  Chicago,  III. 

Vasco  Metals  Corporation,  Latrobe,  Pa. 

Veeoer-Root  Inc.,  Altoona,  Pa. 

Vickers  Inc.,  Detroit,  Mich. 

Vickers  Inc.,  Troy,  Mich. 

Vickers  Inc.,  Jackson,  Miss. 

Vinco  Corporation,  Detroit,  Mich. 

Virginia  Polytechnic  Institute,  Blacksburg,  Va. 

Vitro  Laboratories,  West  Orange,  N.J. 

Vogt  Machine  Co.  ,  Inc.,  Henry,  Louisville,  Ky. 

Wah  Chang  Corporation,  Glen  Cove,  N.Y. 

Walker  Co.,  Inc.,  O.S.,  Worcester,  Mass. 

W/.lmet  Corporation  (The),  Pleasant  Ridge,  Mich. 

Waltco  Engineering  Co.,  Gardena,  Calif. 

Warner  a  Swasey  Company  (The),  Cleveland,  Ohio 
Warner  a  Swasey  Company  (The),  Lahr  Division, 
Cleveland,  Ohio 

Warren  Pum»s,  Inc.,  Warren,  Mass. 

Watertown  Arsenal,  Watertown,  Mass. 


Watervliet  Arsenal,  Watervliet,  N.Y. 

Wayne  State  University,  Detroit,  Mich. 

Weatherhead  Company  (The),  Dayton,  Ohio 
Webco  Machine  Products,  Inc.,  Cleveland,  Ohio 
Weinman  Pump  Manufacturing  Co.  (The),  Columbus,  Ohio 
West  Milton  Precision  tool  Company,  Vandalia,  Ohio 
Western  Electric  Co.,  Inc.,  New  York,  N.Y. 

Western  Electric  Co.,  Inc.,  Omaha,  Nebr. 
western  Electric  Co.,  Inc.,  Princeton,  N.J. 

Western  Gear  Corporation,  Everett,  Wash. 

Western  Reserve  University,  Cleveland,  Ohio 
Westinghouse  Electric  Corp.,  Pittsburgh,  Pa. 

Westinghouse  Electric  Corp.,  Philadelphia,  Pa. 
Westinghouse  Electric  Corp.,  Homewood,  Pa. 

Westinghouse  Electric  Corp.,  Sunnyvale,  Calif. 

Whitin  Machine  Works,  Whit insv i lle ,  Mass. 

Whittaker  Corporation,  La  Mesa,  Calif. 

Wisconsin  State  University,  Platteville,  Wise. 

Withrow  Company,  Arthur  C.,  Los  Angeles,  Calif. 

World  Tool  a  Engineering  Company,  Minneapolis,  Minn. 
Wright- Patters on  Air  Force  Base,  Manufacturing  Technology 
Division,  Wr ight-Patterson  AFb.  Ohio 
Wyman-Gordon  Company,  Worcester,  Mass. 

Wyman-Gordon  Company,  North  Grafton,  Mass. 

Xerox  Corporation,  Rochester,  N.Y. 

Zimney  Corporation,  Monrovia,  Calif. 


SUMMARY  OF  SPECIFIC  INQUIRIES  BY  COMPANIES  MAKING  4  OR  MORE  REQUESTS 

1  February  1966  -  31  January  1967 


Aerojet-General  Corporation  7 
Aerospace  Research  Applications  Ccnter  7 
Avco  Corporation  (4)*  7 
Battellc  Memorial  Institute  9 
Benoix  Corporation  (The)  (2)*  4 
Boeing  Company  (The)  (4)*  8 
Brush  Beryllium  Company  (The)  4 
Burndy  Corporation  4 
Chambers  Aircraft  4 
Cincinnati  Millino  Machine  Co.  (The)  13 
Cincinnati  Shaper  Company  4 
Curt i 3S-Wr ight  Corporation  10 
Douglas  Aircraft  Co,,  Inc.  7 
ouPoht  oeNemours  a  Co.,  E.l.  5 
Elliott  Company  4 
Fischer  Governor  Company  4 
General  Dynamics  Corporation  ( 2 ) *  8 
General  Electric  Company  (17)*  47 
General  Motors  Corporation  (4!*  7 
Goooycar  Aerospace  Corporation  5 
Grumman  Aircraft  Engineering  Corporation  (3 
Hamilton  Stanoaro  4 


I ngersoll-Rano  Company  ( 3 ) •  7 
Internat ional  Nickel  Co. ,  Inc.  (The)  (2)*  10 
Jeroen  Manufacturing  Company  4 
LeBlono  Tool  Company,  R.K.  4 
Lockheed  Aircraft  Corporation  (3)»  10 
Martin  Company  ( 2 ) •  8 
Mctcut  Research  Associates  Inc.  4 
McDonnell  Aircraft  Corporation  8 
National  Lead  Co.  of  Ohio  (2)»  7 
North  American  Aviation,  Inc.  (6)*  23 
Pennsylvania  State  University  4 
Raytheon  Company  (3)*  4 
Rock  island  Arsenal  8 

SUNOSTRAND  AVIATION  5 
TRW  Inc.  7 
Therm  Inc,  4 
Thiokol  Chemical  Corporation  7 
Tinker  Air  Force  Base  4 
Tool  Sales  a  Service  5 
Union  Carbide  Corporation  (4)»  8 
Wayne  State  University  9 
Wr ight-Patt lrson  Air  Force  Base  1 1 


'(  )  '  No.  of  divisions. 
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FIGURE  21 


DATA  ACQUISITION  STUDY 


Those  tallies  were  compiled  as  a  result  of  a  document  acquisition  study 
conducted  by  AFMIH'  to  determine  the  extent  of  coverage  by  \FMPC  of  the 
machining  information  published  in  the  English  language.  \  sample 
period  of  January  to  June  I9tv!  was  selected  as  a  representative  period. 
Four  major  services  were  chosen  to  study  the  sources  selected  by  these 
services  and  the  articles  picked  from  these  sources. 


COVERAGE  FOR  SIX  MONTH  PERIOD 


SOURCES 


SERVICE 

PER  <  GO i CA  L 

NON-PERIODICAL 

TOTAL 

SERVICE  NO.  1 

93 

48 

141 

SERVICE  NO.  2 

93 

10 

103 

SERVICE  NO.  3 

90 

0 

90 

SERVICE  NO.  4 

48 

0 

48 

AFMOC 

150 

450 

6  00 

MACHINING  ARTICLES 


SERVICE  NO.  I 
SERVICE  NO.  2 
SERVICE  NO.  3 
SERVICE  NO.  4 
AFMOC 


F I  SURE  22 
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DATA  ACQUIS  IT! OH  PLANT  VISIT  PROGRAM 


Twenty  plants  were  visited  in  late  1966  and  January  1967  for  the  purpose  of  acquiring 
machining  data  from  them  on  a  regular  basis.  Emphasis  was  placed  on  visiting  aero¬ 
space  firms.  Visits  to  all  plants  were  very  satisfactory  and  there  was  general  in¬ 
terest  in  this  project.  Nearly  all  the  plants  are  taking  steps  to  make  necessary 
arrangements  for  transmitting  data.  Over  100  reports  of  high  data  yield  have  already 
been  received  from  several  firms.  Followup  is  planned  in  the  form  of  correspondence 
and  periodic  visits. 

During  all  visits  it  was  found  essential  to  provide  rather  detailed  information  con¬ 
cerning  AFMDC’s  organization  and  how  it  functions.  Effort  was  made  to  reach  directly 
or  through  responsible  supervisory  personnel  the  lower  echelon  manufacturing  and 
manufacturing  engineering  people  who  need  data  for  immediate  application  to  machining 
of  hardware.  The  effect  of  this  approach  was  noted  in  the  significant  increase  in 
inquiries  received  from  most  of  the  companies  visited.  The  specific  companies  visited 
are : 


Aerojet-General  Corporation 
Sacramento,  California 

The  American  Welding  &  Manufacturing  Company 
Warren,  Ohio 

Argonne  National  Laboratories 
Argonne,  Illinois 

Avco  Corporation 
Nashvi  I  le,  Tennessee 

Bel  I  Helicopter  Company 
Ft.  Worth,  Texas 

The  Boeing  Company 
Seattle,  Washington 

Oouglas  Aircraft  Company,  Inc. 

Santa  Monica,  California 

General  Dynamics/Convair 
San  Oiego,  Ca I i fornia 

General  Dynamics  Corporation 
Ft.  Worth,  Texas 

Hughes  Aircraft  Company 
Culver  City,  California 


Ling-Temco-Vought,  Inc. 

Dallas,  Texas 

Lockheed  Aircraft  Corporation 
Burbank,  California 

Lcckheed-Georgia  Company 
Marietta,  Georgia 

Lockheed  Missiles  &  Space  Company 
Sunnyvale,  California 

Martin-Marietta  Corporation 
Orlando,  Florida 

McDonnell  Aircraft  Corporation 
St.  Louis,  Missouri 

North  American  Aviation,  Inc. 

Los  Angeles,  California 

Pratt  &  Whitney  Ai rcraft 
West  Palm  Beach,  Florida 

Rocketdyne/Korth  American  Aviation,  Inc. 
Canoga  Park,  California 

Solar/Div.  of  international  Harvester 
San  Diego,  California 


SEE  APPENDIX,  PAOE  A- 1 5 
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CODE  SHEET  FOR  PROJECT  TIME  CARD 


(USED  BY  EMPLOYEES  FOR  RECORDING  HOURS  ON  OA I LY  TIME  CARDS) 


DIRECT  LABOR  1000 

INQUIRIES  1 100 

engineering  supervision*  n i o 

InOUIRY  STRAGETY  AND  INOUIRY  APPROVAL  111! 

MACHINING  DATA  ANALYSIS  I  120 

Answering  Inquiries  1121 

DATA  PROCESSING  1 1 30 

Keypunch ing  1131 

Ver i r i cat i on  1132 

Sort ing  1133 

Coding  1134 

Decoding  1135 

Computer  Processing  1136 

DATA  CONTROL  1140 

Forms  and  Document  Handling  1141 

DATA  ACQUISITION*  11 5C 

Special  Acquisition  for  Inquiries  1151 

REPRODUCTION*  1160 

Xerox  1161 

Ditto  1163 

Drawing  1165 

SYSTEMS  ANALYSIS  1170 

Technical  Revicv.'  1 171 

Cost  Evaluation  1172 

VISITS  TO  AFMDC  -  TECHNICAL*  I  1 80 

Manufacturing  Technology  Division  1181 

Others  1182 

ORIGINAL  DATA  ENTRY  1200 

ENGINEERING  SUPERVISION  1210 

Technical  Planning  1211 

MACHINING  DATA  ANALYSIS  1220 

Preliminary  Screening  1221 

Preliminary  Technical  Evaluation  1222 

Final  Technical  Evaluation  (put  Document 

Control  No,  on  Daily  Time  Slip)  1223 

DATA  PROCESSING  1230 

Keypunching  1231 

Verification  1232 

Sorting  1233 

Coding  1234 

Decooing  1235 

computer  Processing  1236 

DATA  CONTROL  1240 

Forms  and  Document  Handling  1241 

REPRODUCTION  1250 

Xerox  1251 

Drawing  of  Data  Sheets,  etc.  1253 

SYSTEMS  ANALYSIS  1 260 

Technical  Review  1261 

Cost  Evaluation  1262 

Data  Acquisition  Evaluation  1263 


* Put  Inquirer  and 
The  Inquirer  No. 
of  1F-1  at  thovn 


Sequence  nunbert 
and  Sequence  No, 
here: 


in  Operat  ion  apace  on 
are  thoie  blocked  out 


DATA  ACQUISITION  -  LITERATURE 

Industrial  Contributors  of  Machining 
Reports  and  Case  histories 
Domestic  Periodical  Literature 
Foreign  Periodical  Literature 
Industrial  Trade  Literature 
Technical  Institutions,  Professional 
Societies,  and  Associations 
Publishers  of  Handbooks,  Manuals,  Books 
Information  Centers 
Government  Agencies 
Mach i nab i l i ty  Laboratories 

data  ACQUISITION  -  BY  TECHNICAL  PERSONNEL 
Plant  Visits 

Telephone,  TWX,  Telegram 
Letters 

Technical  Meetings  (Machinability) 
Technical  Meet ings  (  I  iiformat  i  on  Science) 
Foreign  Plant  Visits 
Foreign  Technical  Meetings 
Industry  Special 

DATA  STORAGE 
Document  File 

Support  Information  (Books,  etc.) 

GENERAL  DISSEMINATION  OF  MACHINABILITY 
DATA  AND  CENTER  INFORMATION 

Publication  in  Technical  Literature 
Presentation  at  Technical  Meetings 
Presentation  at  Plants 
AFMDC  Exhibits 

Newspapers  (Metalworking,  etc.)  ft  Magazines 
User  List  (Technical  Aspects) 

User  List  Products 

AFMDC  Pamphlets,  Announcements,  etc. 

Special  Reports  (State-of-the-art,  etc.) 

b : BL 1 OGRAPHI ES 


AFMCC  SYSTEM  REPORTS  AND  MEET IN8S 

Monthly  (MTD) 

Quarterly  (MTD) 

Annual  (MTD) 

Operat i ons  Manual 
Detailed  Code  Book 
AFMDC  Meetings 

Manufacturing  Technology  Division  a no 
Information  Branch  Mectings,  Reports, 
and  Conferences 

Special  Reports  for  Manufacturing  Technology 
Division,  DOO,'  etc. 


MACHINING  OATA  VERIFICATION  -  EXPERIMENTAL 


(Provisional  -  presently  inactive) 
Planning 
Testing 
Reports 


Time  Card, 
a l  the  top 


1270 


1271 

1272 

1273 

1274 

1275 

1276 

1277 

1278 

1279 

1280 
1281 
1282 

1283 

1284 

1285 

1286 

1287 

1288 

1290 

1291 

1292 


1300 

1310 
131  I 
1312 
1320 
1330 
1340 
1350 
1360 
1370 

13e0 


1400 

1410 

1420 

1430 

1440 

1450 

1460 


1470 

1480 


1500 


1501 

1502 

1503 


Pi  SURE  23 
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CODE  SHEET  FOR  PROJECT  TIME  CARD  (continued, 


SYSTEMS  ANALYSIS  -  GENERAL  1600 


1130  Computing  System  (Systems  Aspects)  1610 

Statistical  program  for  Analysis  of 

Center  Effectiveness  (SPACE)  1620 

1130  Computing  System  (Technical  Aspects)  1630 

INDIRECT  LABOR  0000 


General  Repair,  Cleaning,  Painting  0101 

Training  0102 

Sickness  or  Excused  Absence  0103 

Vacation  0104 

Acquisition  or  Major  Facilities  ani. 

Equipment  0105 

Acquisition  of  Minor  Equipment  and  Supplies  0106 

Proposals  and  Setting  Up  Programs  0116 

Technical  Meetings  and  Papers  (not  directly 

related  to  AFMDC)  0127 

General  AFMDC  Clerical  and  Office  Work  0128 

General  AFMDC  Administration  0150 

Typing  and  Clerical  on  Inquiries  0151 

Typing  and  Clerical  on  Original  Data  Entries  0152 

Handling  of  Mail  0153 

Personnel  (Hiring,  etc.)  0154 

User  File  (Typing  and  Clerical)  0155 

Visitors  CNansfortat  i  on  ,  System 

Demonstration,  Genera*.  AFMDC  Information  0155 

Data  Process;,  g  (Time  Cards,  e;:.)  0157 

Typing  and  Clerical  on  User  Prodiu.ts  0158 

Miscellaneous  AFMDC  Nonchargeable  Services  0159 

i  brary-Support  Information  0160 


PURCHASES 

For  Plrchases  precede  col,  hy;  800 

Fiwiffl/,  les . 

800-1230  IBM  cae.,s  for  rAJ>  pro,.-,  using,  etc. 
800-0000  Indirect  charges  such  as  general  supplies 
800-1272  Purchase  of  domestic  periodical  literature 
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FIGURE  23  (cent.) 


AFMDC  OPERATING  COSTS 


FEBRUARY  I,  1966  -  JANUARY  31,  1967 


INPUT  COSTS 

TECHNICAL  EVALUATION 

$ 

36.974.20 

DATA  PROCESSING 

26,709.69 

DOCUMENT  ACQUISITION  &  REPRODUCTION 

22,224.11 

85,908.00 

EQUIPMENT,  SUPPLIES  &  SERVICES 

13,789.76 

TOTAL 

$ 

99,697.76 

OUTPUT  COSTS 

INQUIRI ITS: 

TfcCHN t CAL  EVALUATION' 

DATA  PROCESSING  &  RETRIEVAL 
DATA  ACQUISITION  &  REPRODUCTION 


GENERAL  0 1 SSEMI NAT  I  ON  OF  MACH  I  NAB  I L I TY  DATA  &  CENTER  INFORMATION 

USER  LIST  PRODUCTS: 

MACHINING  DATA  FOR  NUMERICAL  CONTROL  (7  individual  reports,  .Vos.  AFMDC  66-1.  1 
thru  AFMDC  66-1.7  covering  Turning,  Face  Hilling,  Drilling,  Peripheral  End 
Milling,  End  Mill  Slotting,  Tapping  and  Reaming  respectively). 

MACHINING  DATA  FOR  NUMERICAL  CONTROL,  AFMDC  66-1  (composite  of  above  mentioned 
7  reports). 

GRINDING  RATIOS  FOR  AEROSPACE  ALLOYS,  AFMDC  66-2 

MACHINING  DATA  FOR  BERYLLIUM  METAL.  AFMDC  66-3  _ 

PRINTING  COSTS 
DATA  PRODUCTS  IN  PROCESS 
AFMDC  SYSTEMS  REPORTS 
PRINTING  COSTS 

AFMDC,  MTD  &  INFORMATION  BRANCH  MEETINGS  &  SPECIAL  MTD  REPORTS 
EQUIPMENT,  SUPPLIES  &  SERVICES 


25,228.19 

5,029.59 

1,934.68 

32.192.46 

7,235.21 


SYSTEM  ANALYSIS,  MODIFICATION  &  CONTROL 


TECHNICAL  EVALUATION 

DATA  PROCESSING  -  IBM  1130  COMPUTING  SYSTEM; 
TECHNICAL  ASPECTS 
SYSTEMS  ASPECTS 

DATA  ACQUISITION 

OPERATIONS  MANUAL  S  CODE  BOOK  REVISIONS  &  ADDITIONS 
EQUIPMENT,  SUPPLIES  &  SERVICES 


TOTAL  ACTUAL  COSTS  NOT  INCLUDING  FIXED  FEE 


23. 143.57 


5,396.82 

3,255.60 

3,388.57 

469.25 

5,561.02 

80,642.50 
7,512.20 
88.  154. ^ 


S  1,882.28 

9,313.18 

7.901.46 

5, 160.21 
1,487.31 

25,749.44 
3,480,96 
$  29.230.40 

$  217,082.86 


AFMDC  INPUT  AND  OUTPUT  SUMMARY 


FEBRUARY  I,  1966  -  JANUARY  31,  1  967 

SYSTEM  INPUT 


Document  and  Card  Totals 

Documents  Entered  into  the  System  (including  Evaluated  Inquiries)  8,860 

Evaluated  Documents: 

Final  Technical  Evaluation  Completed  1,350 

Preliminary  Technical  Evaluation  Completed  6,996 

Inquiries  Entered  as  Documents  with  Evaluation  Completed  736 

9,082 

Machining  Situations  Evaluated  and  Ready  for  Coding  23,725 

Machining  Situations  in  Storage  46,428 

Cards  Punched  58,241 

Unit  Costs 

Per  Machining  Situation  (Data  Points)  Evaluated  &  in  Storage  (46,428)  $  2.15 

Per  Card  Punched  (58,241)  $  1.71 


SYSTEM  OUTPUT 


Specific  Inquiries 

Inquiries  Received  736 

Individual  Companies  Represented  396 

U.S.  Government  Standard  Industrial  Classification  (SIC)  Represented  90 

Data  Products 

Total  Copies  Distributed:  13,706 

AFMDC  65-1,  Machining  Data  for  Titanium  Alloys  3’76 

AFMDC  66-1,  Machining  Data  for  Numerical  Control  207 

AFMDC  66-1,1,  Machining  Data  for  Numerical  Control-Turning  1,162 

AFMDC  66-1.2,  Machining  Data  for  Numerical  Control-Face  Milling  1.097 

AFMDC  66-1.3,  Machining  Data  for  Numerical  Control-Drilling  1,083 

AFMDC  66-1.4,  Machining  Data  for  Numerical  Control-Peripheral  End  Milling  1,067 

AFMDC  66-1.5,  Machining  Data  for  Numerical  Control-End  Mill  Slotting  1,065 

AFMDC  66rl.6,  Machining  Data  for  Numerical  Control-Tapping  1,060 

AFMDC  66-1.7,  Machining  Data  for  Numerical  Control -Reaming  1,060 

AFMDC  66-2,  Grinding  Ratios  for  Aerospace  Alloys  728 

.AFMDC  66-3,  Machining  Data  for  Beryllium  Metal  801 

Unit  Costs 

Per  Inquiry  (736)  $45.02 

Per  Data  Product  (including  cost  of  preparation  &  printing,  per  copy) 

AFMDC  65-1,  Machining  Data  for  Titanium  Alloys  $  1.04 

AFMDC  66-1,  Machining  Data  for  Numerical  Control  $  6.34 

AFMDC  66-1.1,  Machining  Data  for  Numerical  Control-Turning  $  4.07 

AFMDC  66-1.2,  Machining  Data  for  Numerical  Control-Face  Milling  $  3.66 

AFMDC  66-1.3,  Machining  Data  for  Numerical  Control-Drilling  $  3.65 

AFMDC  66-1.4,  Machining  Data  for  Numerical  Control-Peripheral  2nd  Milling  $  1.11 

AFMDC  66-1.5,  Machining  Data  for  Numerical  Control-End  Mill  Slotting  $  1.58 

AFMDC  66-1.6,  Machining  Data  for  Numerical  Control-Tapping  $  1.24 

AFMDC  66-1.7,  Machining  Data  for  Numerical  Control-Reaming  $  0.85 

AFMDC  66-2,  Grinding  Ratios  for  Aerospace  Alloys  $  3,50 

AFMDC  66-3,  Machining  Data  for  Beryllium  Metal  $  5.98 


SEE  APPENDIX,  PAGE  A-16  37  FIGURE  25 


AFMDC  DATA  PRODUCTS 


FIGURE  28 
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SEE  APPENDIX,  PAGE  A- 16 


FUTURE  PLANNING 


MAJOR  GOALS  FOR  1967: 


1.  Increase  utilization  of  User  File  to  meet  needs  of  manufac¬ 
turing  engineers  and  to  increase  personal  contact  with  the 
users  of  the  data. 

2.  Provide  users  with  a  list  of  the  materials,  operations  and 
keywords  used  by  the  Data  Center  to  index  documents. 

3.  Initiate  a  program  by  which  inquirers  who  submit  specific 
inquiries  may  be  kept  up-to-date  on  a  monthly  basis. 

4.  Continue  setting  up  the  statistical  program  to  analyze 
Center  activities  in  order  to  better  determine  input  and 
output  needs. 

5.  Continue  the  program  of  plant  visitation  to  make  industry 
aware  of  the  data  stored  by  AFMDC  and  to  obtain  cooperation 
on  input  to  AFMDC. 

6-  Prepare  several  data  products  including  the  following  three 

which  are  in  preparation: 


a)  Machine  Tool  Requirements,  Average  Unit  Power  and 
Surface  Finish  Data  for  Aerospace  Materials. 

b)  Tool  Geometry  Nomenclature  and  Recommendations. 

c)  Formulas  and  Computer  Programs  for  Calculating 
Machining  Costs  and  Production  Rates. 


SEE  APPENDIX.  PAGE  A-17 
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APPENDIX 


Description  of  AFMDC  (page  1) 

This  description  of  AFMDC  is  distributed  by  the  Center  in  the  form  of 
a  pink  flyer  (3-1/2"  x  7-1/2")  with  the  information  relating  to  Scope, 
Collection,  and  Information  Services  on  one  side  of  the  card  and  with 
instructions  on  how  to  request  machining  information  from  AFMDC  on 
the  other  side.  The  pink  flyer  is  convenient  in  size  which  makes  it 
possible  to  include  it  in  all  types  of  mailings  and  to  use  it  for  handouts 
at  meetings  and  for  Center  visitors.  Various  plants  have  also  used 
AFMDC  flyers  to  acquaint  machining  personnel  with  Center  services. 

By  including  detailed  information  on  how  to  request  machining  information, 
it  is  hoped  that  some  loss  in  time  can  be  avoided  and  that  the  search 
strategy  required  will  be  simplified.  Information  shown  on  page  1  has 
also  been  furnished  for  the  Air  Force  Materials  Information  Centers 
(AFMIC)  booklet,  November  1965,  and  for  the  revision  now  being 
proce  ssed. 


AFMDC  Organization  Chart  (Figure  1,  page  2) 

This  Organization  Chart  is  self-explanatory,  but  certain  comments  may 
be  helpful  toward  gaining  a  fuller  understanding  of  the  basic  plan.  One 
of  the  most  important  aspects  of  AFMDC 's  organization  relates  to  use 
of  Machining  Data  Analysts.  These  Analysts  are  professionally  trained, 
experienced  people  who  have  the  capability  of  judging  the  value  of  machining 
information  for  input  purposes  and  to  make  technical  analyses  of  output 
used  for  answering  specific  inquiries  as  well  as  developing  data  products. 

Sytems  Analysts  are  employed  on  a  part-time  basis,  with  emphasis  being 
placed  in  three  areas:  1)  Data  Processing,  2)  Document  Processing,  and 
3)  Data  Acquisition.  Consultants  are  used  to  a  limited  extent. 

Up  to  the  present  time,  almost  complete  emphasis  has  been  given  to 
domestic  considerations.  Since  the  foreign  literature  and  foreign  efforts 
relating  to  machinability  are  significant,  this  area  has  been  covered  by 
using  a  consultant  to  report  on  foreign  trends  as  they  may  influence  need 
for  domestic  cognizance. 

The  Organization  Chart  indicates  requirements  for  employing  one  additional 
Machining  Data  Analyst.  Since  AFMDC  is  operated  by  Metcut  Research 
Associates  Inc.,  full  advantage  is  taken  of  the  capabilities  of  Metcut 
personnel  not  associated  with  AFMDC  on  a  full-time  basis.  This  includes 
Dr.  Michael  Field,  president  of  Metcut,  Mr.  Norman  Zlatin,  vice-president 
of  Metcut,  and  Mr.  John  Christopher,  who  is  a  project  engineer  in  charge 
of  experimental  machining  data  being  developed  at  Metcut. 
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Since  metal  removal  is  a  very  complex  technical  discipline,  it  is  obvious 
that  not  all  of  the  capability  required  can  be  centered  in  one  organization, 
and  therefore  use  has  been  made  of  part-time  analysts  located  at  several 
companies. 

Two  important  areas  of  AFMDC  systems  are  document  acquisition  and 
data  processing.  Document  acquisition  is  responsible  for  acquiring  input 
from  both  domestic  and  foreign  sources  covering  the  entire  broad  scone  of 
machining  information  required  to  meet  the  output  of  the  Center.  Data 
processing  is  a  key  function  required  for  storage  and  retrieval  of  the  detailed 
evaluated  and  coded  information  extracted  by  Machining  Data  Analysts. 
Mechanical  processing  of  data  was  accomplished  prior  to  July  1,  1966  by 
Electrical  Accounting  Machine  (EAM)  equipment.  This  equipment  now 
supports  the  IBM  1130  computer,  which  is  the  medium  for  storage  and 
retrieval  of  processed  information. 

From  an  information  point  of  view,  the  Organization  Chart  also  reflects 
handling  aspects  of  information  which  do  not  require  full-time  activity. 
Trained  competent  secretarial  personnel  handle  activities  such  as  super¬ 
vision  of  the  User  and  Inquiry  Files  and  supervision  of  production  of  data 
products . 

Part-time  Systems  Analysts  are  used  to  develop  required  computer  programs 
and  systems  evaluation  of  current  operations.  Capability  of  full-time 
engineering  and  data  processing  personnel  is  being  developed  to  supplement 
the  effort  now  being  expended  by  part-time  Systems  Analysts. 

AFMDC  Operational  Areas  (page  3) 

Each  of  the  functional  areas  of  operation  of  AFMDC  has  been  assigned  a 
code  number  from  1  through  9  and  0.  These  time  codes  are  used  in 
connection  with  the  codes  for  the  project  time  card  in  Figure  23,  pp  34  and 
35.  For  example,  a  Machining  Data  Analyst  in  functional  area  No.  4  who 
is  answering  inquiries  will  use  the  code  4-1121.  If  a  Machining  Data 
Analyst  in  area  No.  4  is  performing  in  another  operational  area,  such  as 
assisting  in  technical  aspects  of  document  acquisition  by  obtaining  data 
from  industrial  plants  (see  Figure  23,  time  code  1281),  he  will  use  the 
time  code  7-1281.  Since  the  project  time  card  also  includes  his  employee 
number  and  the  operational  area  in  which  he  functions,  it  is  possible  to 
determine  the  extent  of  time  spent  by  employees  in  their  principal  assigned 
area  as  compared  with  time  they  spend  in  other  functional  areas  of  the 
Center  (see  actual  Daily  Time  Slip  on  page  A-16.  More  important,  the 
stored  punched  card  information  from  the  project  time  card  is  valuable 
in  providing  detailed  analyses  of  the  various  cost  aspects  pertaining  to  the 
Center's  operation. 
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AFMDC  Operations  Chart  (Figure  2,  page  4) 


Basically  the  Operations  Chart  divides  functions  into  two  principal  parts: 

1)  System  Input,  and  2)  System  Output.  The  other  function  shown  in  the 
heading  is  System  Analysis  and  is  linked  to  input  and  output  to  insure  and 
measure  the  effectiveness  of  the  two  major  functions.  All  sources  of 
information  are  referenced  as  'documents'  regardless  of  whether  they 
are  journals,  meeting  notes,  microfilm,  magnetic  tape,  phonograph 
records,  etc. 

System  Input  consists  of  the  steps  shown  in  Figure  2  which  are  designed 
to  accept  any  type  of  document  from  any  source  and  process  it  so  that  each 
document  becomes  an  entity  within  the  system.  The  steps  are  set  so  that 
documents  may  be  evaluated  as  to  the  nature  of  the  information  contained 
in  view  of  the  computer  programs  and  codes  which  were  established  and 
are  modified  by  System  Analysis.  If  the  documents  are  deemed  to  be 
valuable  to  AFMDC  in  Preliminary  Screening,  they  are  sent  on  to  Prelim¬ 
inary  Technical  Evaluation.  This  step  determines  whether  or  not  the 
document  contains  sufficient  numerical  data  to  warrant  extraction  of  this 
data  so  that  the  data  may  be  punched  into  cards.  If  the  document  does 
contain  data  to  be  extracted,  it  is  sent  on  to  Final  Technical  Evaluation; 
if  not,  the  document  Is  Final  Evaluated  at  this  step.  Documents  without 
a  significant  amount  of  numerical  data  are  described  to  the  system  by 
listing  the  machining  operation,  material  group,  material  description, 
material  hardness,  and  tool  material  which  is  punched  into  an  index  card 
for  that  document.  At  this  step,  all  documents  are  assigned  uniterms 
where  applicable  to  describe  the  text  to  the  system.  These  uniterms, 
together  with  the  source  control  number,  are  punched  into  card  formats. 
Examples  of  printouts  of  these  may  be  found  in  Figure  8,  page  12. 

Some  of  the  documents  contain  sufficient  information  to  warrant  creation 
of  a  file  containing  the  numerical  data  and  tool  geometry  for  each  machining 
situation.  The  documents  which  are  so  evaluated  in  the  previous  step  now 
have  the  data  extracted  and  placed  on  the  forms  shown  in  Figure  5,  page  9. 
These  forms  are  given  to  a  keypunch  operatoi  who  punches  cards  which 
will  be  stored  on  the  computer.  A  printout  of  this  type  of  information  is 
shown  in  Figure  9,  page  13. 

System  output  consists  of  the  three  basic  types  of  output:  1)  specific  inquiries, 

2)  data  products,  and  3)  general  dissemination.  Specific  inquiries  may  be 
submitted  to  AFMDC  by  anyone  qualified  as  a  User  of  AFMDC.  The 
request  may  be  in  the  form  of  specific  data  for  a  machining  situation  or 
series  of  machining  operations,  state-of-the-art  studies,  etc.  A  list  of 
the  types  of  inquiries  is  shown  in  Figure  15,  page  19. 

Data  products  are  published  by  AFMDC  on  timely  subjects  which  are  compre¬ 
hensive  studies  and  generally  take  the  form  of  charts  of  data  for  one  or  more 
alloys.  The  charts  contain  all  the  known  data  for  machining  parameters, 
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tool  geometry,  coolant,  tool  material  and  other  considerations  directly 
applicable  to  the  machining  situation.  When  data  products  become  available 
a  notice  is  sent  to  every  individual  on  the  User  File.  Through  this  notice 
the  User  can  select  information  applicable  to  his  needs. 

General  dissemination  takes  the  form  of  plant  visits  for  coordination  (see 
page  33),  writing  technical  papers  for  presentation  at  meetings  or  presen¬ 
tation  in  the  literature.  AFMDC  is  always  open  to  visitors  and  technical 
personnel  are  available  to  discuss  various  problems  in  detail  and  to  show 
the  User  how  AFMDC  can  assist  his  operation. 


AFMDC  User  File  Map  (Figure  3,  page  5) 

The  User  File  map  shows  the  number  of  companies  per  state  and  the  total 
number  of  individual -Use  rs  in  those  companies  per  state.  These  figures  do 
not  include  Universities,  Colleges,  other  Centers,  Publishers  or  Societies. 
Six  states  have  no  Users  and  many  states  have  less  than  five  companies. 
Hawaii  has  only  College  Users.  As  would  be  expected,  the  heavy  concen¬ 
tration  of  Users  is  in  heavy  industrial  sections  and  the  West  Coast  aerospace 
industry. 


Distribution  of  AFMDC  User  File  (page  b) 

The  basic  User  File  was  developed  by  using  the  following  sources: 

World  Space  Directory,  Volume  3,  No.  1  -  This  directory  contains  a 
large  index  of  plants  associated  with  the  aerospace  industry.  An  im¬ 
portant  section  lists  the  "Major  Missile  and  Space  Manufacturers". 
Request  forms  were  sent  to  key  people  in  all  of  the  company  listings  in 
this  section,  and  provision  was  made  in  the  form  allowing  for  listing 
additional  personnel,  personnel  from  other  divisions,  and  major  sub¬ 
contractors. 

Manufacturing  Committee  of  the  Aerospace  Industries  Association, 
Washington,  D.C.  -  This  is  an  important  aerospace  group  which  has 
need  for  machining  information  in  the  solution  of  their  common  in¬ 
dustry  problems. 

The  American  Society  for  Engineering  Education  (including  members 
of  the  Engineering  College  Administrative  Council,  Engineering 
College  Research  Council,  Technical  Institute  Council  and  Industrial 
Members)  -  Letters  were  sent  to  the  deans  of  all  of  the  important 
colleges  which  have  significant  interest  in  machining  through  depart¬ 
ments  such  as:  Aeronautical  Engineering;  Ceramic  Engineering; 
General  Engineering;  Industrial  Engineering;  Mechanical  Engineering; 
Metallurgical  Et.ginee r ing;  Pre-Engineering;  Engineering  Extension 
Groups;  Control,  Computer  and  Information  Science  Departments; 
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Material  and  Engineering  Sciences;  and  Technical  Engineering 
Institutes  and  Engineering  Research  Groups  oriented  in  disciplines 
of  materials  and  material  removal.  Products  of  the  Center  have 
been  helpful  to  college  students,  some  of  whom  are  already  engaged 
in  time  standards  work,  manufacturing  engineering,  etc.,  in  cooper¬ 
ative  work  programs  and  in  summer  jobs.  Even  more  important  is 
the  fact  that  the  training  of  engineers  and  thus  their  future  professional 
performance  will  be  influenced  through  AFMDC's  activities. 

Information  Sources  -  Listings  were  compiled  from  "A  Directory  of 
Information  Resources  in  the  United  States",  National  Referral 
Center  for  Science  and  Technology,  Library  of  Congress,  January 
1965.  The  prime  function  of  t^e  Referral  Center  is  to  direct  people 
to  the  proper  information  sources,  including  Centers,  in  the  United 
States.  Their  directory  contains  a  large  lifting  of  Ceniers,  Technical 
Societies,  Government  agencies,  etc.,  which  in  turn  disseminate 
information  to  their  various  clientele.  This  directory  was  reviewed 
and  selections  for  the  User  File  were  made. 

1964  "ASM  Index  for  the  Review  of  Metal  Literature"  -  This  list 
includes  societies  and  trade  publications  in  the  United  States,  and 
from  it  selections  were  made  of  those  concerned  with  material  removal. 

Manufacturing  Technology  Division,  Wright-Patterson  AFB,  Ohio, 

Report  Distribution  Lists  -  It  should  be  noted  that  these  distribution 
lists  include  other  Departments  of  the  Air  Force,  the  Departments 
of  the  Army,  Navy,  Defense,  and  other  Government  agencies. 

Inquirers  -  People  who  request  information  from  AFMDC  are  termed 
'inquirers'.  Most  new  inquirers  not  already  listed  in  the  User  File 
are  added  to  it.  Since  there  have  been  1,  331  inquiries  during  the  two 
years  operation  of  AFMDC,  it  is  quite  obvious  that  the  file  will  grow 
considerably  from  this  source  alone. 

Materials  Advisory  Board  (MAB)  Committee  on  Manufacturing  Require¬ 
ments  for  Aerospace  Materials  and  the  Ad  Hoc  Committee  on  Aerospace 
Manufacturing  Requirements  -  This  group  was  contacted  because  of 
its  importance  in  manufacturing  planning  at  a  national  level. 

The  methods  stated  in  page  6  are  used  to  continue  adding  names  to  the  User 
File.  The  present  total  is  3,  574  Users. 


Welcome  to  AFMDC  Visitor  (page  7) 

The  printout  shown  on  page  7  was  run  on  the  IBM  1130  computer  system 
which  is  the  data  storage  and  retrieval  mechanism  for  the  Air  Force 
M achinability  Data  Center.  Each  visitor  to  AFMDC  is  requested  to  fill 
in  a  Registration  Card  which  is  used  to  prepare  a  printout.  The  visitor 
receives  the  printout  with  his  name,  title  and  company  at  the  top,  and 
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the  AFMDC  host's  name  and  title  at  the  bottom.  AFMDC  hosts  are 
engineering  personnel  who  discuss  with  the  visitor  his  machining 
interests,  and  also  review  the  operation  of  the  Center.  The  visitor's 
experience  with  respect  to  types  of  operations  and  materials  machined 
is  ascertained  and  this  information  is  then  processed  for  purposes  of 
identifying  him  as  a  Potential  Source  of  Information.  If  the  visitor 
has  a  specific  inquiry,  it  is  processed  during  his  visit,  if  time  allows, 
or  forwarded  to  him  upon  completion. 


Computer  Input  and  Output  Flow  Chart  (Figure  4,  page  8) 

The  flow  pattern  described  in  this  diagram  gives  a  picture  of  the  final 
goals  of  AFMDC.  The  procedure  for  accomplishing  this  has  been  set 
and  pilot  runs  have  been  made  on  final  output,  as  will  be  seen  in 
Figure  9,  page  13.  All  documents  with  detailed  data  are  given  to  a 
Machining  Data  Analyst  so  that  this  data  may  be  extracted  ar.d  placed 
in  "Data  Code  Forms",  see  Figure  5,  page  9.  This  information  is  then 
punched  on  cards  from  which  the  disk  files  are  generated.  The  output 
of  these  files,  as  a  result  of  an  inquiry,  can  then  be  mailed  to  the  User. 


Data  Code  Forms  for  Final  Technical  Evaluation  (Figure  5,  page  9) 

Figure  5  is  a  photograph  showing  both  the  front  and  back  of  Data  Code 
Forms  used  as  an  intermediate  step  bet'veen  the  original  document  and 
the  punched  cards  used  as  input  to  disk  storage.  The  formats  are  designed 
to  handle  alphameric  information  required  for  some  parameters  and 
decimal  numbers  for  others,  as  well  as  integers.  These  formats  and  a 
book  with  codes  enable  the  Machining  Data  Analyst  to  concisely  identify  the 
important  information  regarding  a  specific  machining  situation.  Required 
decimals  are  set  in  the  numerical  data  fields,  thereby  further  simplifying 
recording  of  the  data.  These  forms  are  then  passed  to  the  keypunch 
operator,  who  punches  the  information  contained  in  them  into  Index,  Tool 
Geometry,  and  Numerical  Data  Cards. 


These,  plus  the  additional  cards  used  by  AFMDC  are  described  as  follows: 


Ca  rd 

0  Inquiry 


1  Index 


_ Description _ 

The  Inquiry  Card  is  punched  with  the  inquiry 
information  desired  and  is  used  by  matching  key 
indices  in  exactly  the  same  columns  as  informa¬ 
tion  which  would  have  been  pre coded  into  the 
Sy  stem. 

The  Index  Card  establishes  information  available 
in  the  System  by  preassigned  data  index  columns 
and  respective  codes  to  be  matched  against 
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Card 


1  Index  (cont. ) 


2  Tool  - 

Cutting  Fluid 


3  Numerical 
Data 

4  Uniterm 


5  Data  Link 


6  Aperture 


7  Bibliography 


8  Potential 
Source  of 
Information 


_ Description 

inquiries.  The  Index  Card  describes  the  machining 
situation  including  the  machining  operation,  specific 
material  designation,  hardness,  condition,  heat 
treatment,  and  broad  material  group.  Tn  addition 
to  the  above  "minimum  requirements",  the  Index 
Card  also  includes  the  part  configuration  code, 
tool  material,  machine  tool  description,  and  the 
control  codes.  The  control  codes  provide  informa¬ 
tion  on  the  data  source,  its  classification  and 
index  controls  which  allow  for  retrieval  monitoring. 
The  primary  method  of  access  into  the  AFMDC 
information  decks  is  through  the  Inde::  Card. 

This  card  defines  tool  size,  shape,  and  geo. m  try, 
as  well  as  the  trade  name  and  manufactu.  •_  r .  It 
also  identifies  the  trade  name  of  the  cutting  fluid, 
the  manufacturer,  and  the  concentration  of  the 
cutting  fluid. 

The  Numerical  Data  Card  contains  actual  values 
of  machining  variables,  such  as  feeds,  speeds, 
depth  of  cut,  hole  size,  tool  life,  e«c. 

This  card  alphabetically  describes  special  tech¬ 
nical  significance  of  a  document  not  covered  by 
categories  included  on  the  Index,  Numerical  Data, 
and  Tool-Cutting  Fluid  Cards. 

This  card  provides  means  for  eliminating  the 
recording  of  data  relevant  to  different  topics  or 
sources.  Data  are  encoded  and  sto-ed  under  one 
control  code. 

The  Aperture  Ca-d  is  used  to  store  and  retrieve 
microfilms  of  pertinent  curves,  drawings  or  any 
information  best  stored  in  graphic  manner. 

The  Bibliography  Card  set  is  designed  to  present 
the  Source  Document  in  a  formalized,  uncoded 
manner. 

This  card  records  into  the  System  information  on 
contracts  awarded  and  other  work  initiated  or  in 
progress  which  are  considered  potential  informa¬ 
tion  sources.  In  this  manner,  the  card  helps 
direct  an  active  data  acquisition  program.  It  also 
serves  as  a  card  to  store  certain  bibliographic 
information  such  as  author  and  organization. 
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Card  Description _ 

8  Visitor  This  card  has  tne  same  format  as  the  Potential 

Source  of  Information  Card  and  therefore  serves 
not  only  to  develop  a  Visitor  File  but  can  and  is 
used  to  identify  visitors  as  inquirers  and/or 
potential  sources  of  information. 

9  Tickler  The  Tickler  Card  is  generated  at  the  time  machining 

information  is  committed  to  the  System  primarily 
as  a  review  device  for  updating,  purging,  etc.  ,  but 
also  for  checking  on  commitments  for  potential 
sources  of  information.  Dates  for  tickler  review 
of  data  committed  to  the  System  are  based  upon 
the  times  related  and  shown  in  the  Classification 
Code. 


Flow  Chart  for  Fortran  Program  to  Store,  Add  or  Search 
Inquiry  File  (Figure  b,  page  10) 

The  flow  chart  of  the  inquiry  program  is  an  example  of  the  storage  and 
search  techniques  used  by  AFMDC  on  the  IBM  1130  computer  system.  These 
programs  have  two  basic  sections:  1)  to  create  files  into  which  data  may  be 
stored,  added  to  and  deleted  from,  and  2)  to  set  up  a  procedure  foi  searching 
the  data  files.  Discussion  of  the  inquiry  program  follows: 

1)  Create  data  file  and  store  additional  cards  to  file.  Console  Data  Switch 
No.  0  controls  loading  of  a  new  deck  of  cards  to  create  an  original  file. 
This  file  is  created  in  a  file  protected  disk  area  called  "User  Area  '. 

At  the  end  of  each  month,  inquiries  for  that  month  are  coded  and  cards 
punched.  The  additional  cards  are  then  loaded  at  the  end  of  the  file. 
Console  Data  Switch  No.  1  is  used  to  control  this  function  of  the  program. 
By  this  procedure,  the  inquiry  file  is  only  one  month  behind  any  inquiry 
ever  submitted  to  AFMDC. 

2)  Search  Routine  -  Since  the  load  and  add  functions  of  the  program  are  to 
be  bypassed,  Data  Switch  No.  0  and  Data  Switch  No.  1  are  turned  off. 
Control  of  the  parameters  to  be  matched  ir,  the  search  are  then  selected 
through  the  use  of  Data  Switches  No.  2,  No.  3,  No.  4  and  No.  5.  All 
or  any  combination  may  be  selected  by  the  operator  as  specified  by  the 
Machining  Data  Analyst.  These  Data  Switches  (D.  S.  )  control  matches 
for:  Specific  Machining  Operation  (D.  S.  2);  Specific  Material  Group 
(D.S.  3);  Specific  Material  Description  (D.  S.  4);  and  Uniterm  (D.  S.  5). 
Through  the  use  of  the  Data  Switches  the  computer  may  be  used  to 
narrow  the  selection  of  documents  if  the  initial  search  output  yields  too 
many  references.  This  concept  is  fundamental  to  all  of  the  search 
programs  operated  by  AFMDC. 
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Card 


Description _ 

8  Visitor  This  card  has  the  same  format  as  the  Potential 

Source  of  information  Card  and  therefore  serves 
not  only  to  develop  a  Visitor  File  but  can  and  is 
used  to  identify  visitors  as  inquirers  and/or 
potential  source?  of  information. 

9  Tickler  The  Tickler  Card  is  generated  at  the  time  machining 

information  is  committed  to  the  System  primarily 
as  a  review  device  for  updating,  purging,  etc.  ,  but 
also  for  checking  on  commitments  for  potential 
sources  of  information.  Dates  for  tickler  review 
of  data  committed  to  the  System  are  based  upon 
the  times  related  and  shown  in  the  Classification 
Code. 


Flow  Chart  foi  Fortran  Program  to  Store,  Add  or  Search 
Inquiry  File  (Figure  6,  page  10) 

The  flow  chart  of  the  inquiry  program  is  an  example  of  the  storage  and 
search  techniques  used  by  AFMDC  on  the  IBM  1130  computer  system.  These 
programs  have  two  basic  sections:  1)  to  create  files  into  which  data  may  be 
stored,  added  to  and  deleted  from,  and  2)  to  r.et  up  a  procedure  for  searching 
the  data  files.  Discussion  of  the  inquiry  program  follows: 

1)  Create  data  file  and  store  additional  cards  tc  file.  Console  Data  Switch 
No.  0  controls  loading  of  a  new  deck  of  cards  to  create  an  original  file. 
This  file  is  created  in  a  file  protected  disk  area  called  "User  Area". 

At  the  end  of  each  month,  inquiries  for  that  month  are  coded  and  cards 
punched.  The  additional  cards  are  then  loaded  at  the  end  of  the  file. 
Console  Data  Switch  No.  1  is  used  to  control  this  function  of  the  program. 
By  this  procedure,  the  inquiry  file  is  only  one  month  behind  any  inquiry 
ever  submitted  to  AFMDC. 

2)  Sea.rch  Routine  -  Since  the  load  and  add  functions  of  the  program  are  to 
be  bypassed,  Data  Switch  No.  0  and  Data  Switch  No.  1  are  turned  off. 
Control  of  the  parameters  to  be  matched  in  the  search  are  then  selected 
through  the  use  of  Data  Switches  No.  2,  No.  3,  No.  4  and  No.  5.  All 
or  any  combination  may  be  selected  by  the  operator  as  specified  by  the 
Machining  Data  Analyst.  These  Data  Switches  (D.  S.  )  control  matches 
for:  Specific  Machining  Operation  (D.  S.  2);  Specific  Macerial  Group 
(D.  S.  3);  Specific  Material  Description  (D.  S.  4);  and  Uniterm  (D.  S.  5). 
Through  the  use  of  the  Data  Switches  the  computer  may  be  used  to 
narrow  the  selection  of  documents  if  the  initial  search  output  yields  too 
many  references.  This  concept  is  fundamental  to  all  of  the  search 
programs  operated  by  AFMDC. 
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Inquiry  File  Search  (Figure  7,  page  II) 


The  inquiry  file  which,  as  of  January  31,  1967,  contained  data  pertaining 
to  1,  331  inquiries  is  a  very  important  AFMDC  file.  Search  of  this  file 
can  prevent  duplicate  effort  in  answering  identical  inquiries  or  provide 
assistance  in  answering  those  having  similarity. 

Figure  7  shows  the  use  of  Data  Switches  described  in  Figure  6,  page  10 
as  they  were  utilized  to  make  broad  and  then  selective  searches  on  the 
inquiry  file.  The  first  search  was  made  on  the  Uniterm,  CUT  FLUID,  by 
having  Data  Switch  No.  5  in  the  'on1  position.  When  the  file  was  interrogated 
the  machine  selected  and  printed  all  inquiries  for  which  the  Uniterm,  CUT 
FLUID,  was  used.  To  be  more  selective  on  the  second  search,  material 
group  301  and  material  description  Inco  718  was  added  to  the  CUT  FLUID 
Uniterm  on  the  search  card.  In  the  third  search,  the  operation  requirement 
was  added  so  that  now  the  search  was  concentrated  on  a  specific  operation, 
on  a  specific  material  group,  one  material  description  and  a  Uniterm 
requirement.  From  this  type  of  search,  the  computer  finds  a  precise 
match  and  prints  that  information.  The  number  on  the  right  is  a  unique 
number  to  that  inquiry  so  the  information  may  be  reached  quite  rapidly. 


Output  of  Preliminary  Technical  Evaluated  Data  and  Uniterm 

(Figure  8,  page  12) 

Figu  e  8  shows  a  printout  of  specific  searches  on  the  Preliminary  Index 
file  and  the  Uniterm  file. 

The  Preliminary  Index  file  contains  six  possible  terms  which  can  be 
searched  in  any  combination.  Preliminary  Technical  Evaluation  is 
designed  to  identify,  if  available,  1)  machining  operation,  2)  material 
hardness,  3)  material  condition,  4)  heat  treatment,  5)  material  group, 

6)  material  description,  and  7)  tool  material.  With  the  exception  of  material 
condition,  an  engineer  may  set  up  a  search  strategy  to  interrogate  the  file 
or  any  combination  of  the  other  six  parameters.  When  a  match  is  found, 
the  source  control  code  will  be  printed  and  the  document  pulled  from  the 
file.  The  Preliminary  Index  search  shown  in  Figure  8  was  made  on 
operation  and  material  group. 

The  Uniterm  concept  was  designed  so  that  technical  text  important  to 
material  removal  operations  could  be  stored  and  retrieved.  Each  document 
is  assigned  uniterms  (keywords)  which  describe  the  nature  of  he  text. 

These  uniterms  are  punched  into  cards  which  are  stored  on  disks. 

A  master  list  of  the  unite rms  is  contained  in  the  code  book  so  that  search 
strategies  may  be  setup.  A  search  can  be  made  only  on  a  single  term  at 
one  time.  This  term  may  bt  in  any  position  within  the  card  set.  When  a 
match  is  made,  all  the  uniterms  in  the  card  together  with  the  source  control 
code  are  printed  out.  The  search  shown  in  Figure  8  is  for  SURF  INTEGRITY. 
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Output  of  Final  Technical  Evaluated  Data 
(Figure  9,  page  13) 


Figure  9  is  the  computer  printout  of  decoded  information  which  has  been 
extracted  from  a  document  which  received  Final  Technical  Evaluation. 

Note  that  the  information  extracted  by  the  Machining  Data  Analyst  and 
coded  on  the  forms  in  Figure  5,  page  9,  is  now  computer  decoded  and 
printed  out.  The  first  line  of  data  describes  the  inquiry  to  the  file.  The 
second  line  is  the  AFMDC  match  on  the  inquiry  search  terms;  this  may 
be  broad  or  narrow  depending  on  the  search  strategy  set  up  by  the  Mach¬ 
ining  Data  Analyst.  One  requirement  is  that  the  operation  be  specified 
and  identical  on  the  inquiry  and  index  cards  because  it  serves  as  the 
instruction  to  the  computer  to  retrieve  the  numerical  data  and  tool  geometry 
headings  applicable  to  that  operation. 

The  headings  are  printed  and  the  retrieved  information  in  the  data  cell  is 
printed  in  the  proper  location.  Coded  integers  are  matched  against  another 
file  on  the  disk  resulting  in  the  alphameric  equal  being  printed  on  the  output 
sheet.  It  is  anticipated  that  this  type  of  printout  will  be  used  to  answer 
some  inquiries  directly  later  this  year. 


Cost  and  Production  Rate  for  Turning  (Figure  10,  page  14) 

The  use  of  data  shown  in  Figure  10  leaves  something  to  be  desired  for  the 
manufacturing  engineer.  The  printout  gives  a  series  of  values  to  choose 
from  but  does  not  clearly  indicate  the  economics  involved.  Since  the 
major  reason  for  having  adequate  data  is  to  help  to  minimize  the  cost, 
the  logical  question  is  which  set  of  values  will  yield  the  minimum  cost. 

A  basic  equation  has  been  developed  which  considers  the  economics  of 
each  significant  element  of  a  machining  operation  and  determines  the 
production  cost  and  production  rate.  The  output  gives  the  cost  and  production 
rate  and  the  elements  which  go  into  the  total  cost.  These  values  give  tu<; 
engineer  an  opportunity  to  analyze  the  elements  so  that  he  may  decide  where 
the  major  contributors  to  the  total  cost  lie  and  then  work  on  the  critical 
areas.  Equations  will  be  written  for  the  major  conventional  chip  removal 
operations,  computer  programs  will  be  developed,  and  the  entire  cost  and 
production  rate  program  will  be  published  as  a  data  product  late  in  1967. 


Inquiry  Processing  Flow  Chart  (Figure  11,  page  15) 

and 

Typical  Inquiry  Input  and  Response  (Figure  12,  page  1 6) 

Responses  to  inquiries  are  the  most  important  of  the  services  provided  by 
AFMDC.  Strong  emphasis  is  placed  on  providing  specific  and  detailed 
answers  to  technical  inquiries  which  are  transmitted  by  letter,  telegram, 
telephone  or  by  direct  visitation  to  the  Center.  A  high  percentage  of  the 
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inquiries  is  m?<de  via  telephone,  some  because  of  the  urgency  of  informa¬ 
tion  requirements  and  others  due  to  the  necessity  of  discussing  technical 
details  with  the  Machining  Data  Analysts.  When  required,  inquirers  are 
contacted  to  clarify  their  specific  needs.  As  indicated  in  Figure  11, 
page  15,  engineering  personnel  impose  judgments  on  the  inquiries  and 
establish  the  search  strategies.  Data  Processing  personnel  perform  the 
computer  search  functions  and  provide  the  printouts  to  the  Machining 
Data  Analysts.  The  Machining  Data  Analysts  again  impose  engineering 
judgment  in  the  selection  and  preparation  of  the  information  to  be  trans¬ 
mitted  to  the  inquirer. 

An  inquiry  form  and  the  AFMDC  response  are  shown  in  Figure  12,  page  lb. 
Note  the  codes  within  the  blocks  on  the  form  which  are  keypunched  and 
then  stored  on  the  computer  inquiry  file. 


Analysis  of  Specific  Inquiries  by  Material  Group 
(Figure  13,  page  17) 

The  breakdown  shown  in  Figure  13  of  the  number  of  requests  made  for 
machining  information  on  various  material  groups  provides  AFMDC  with 
perspective  of  User  needs  and  input  requirements.  Of  the  total  of  846 
requests,  491  were  made  for  high  temperature  alloys,  titanium  alloys 
and  refractory  alloys.  The  38  requests  for  machining  information  on 
nonmetallics  are  a  significant  total  and  there  is  an  increasing  interest  in 
these  materials.  The  broad  spectrum  of  the  specific  inquiries  is  indicated 
by  the  total  of  590  machining  operations  involved  in  these  inquiries. 

The  'Analysis  of  Comprehensive  and  Uniterm  Type  Inquiries'  section  of 
Figure  13  covers  a  separate  breakdown  for  inquiries  in  these  categories, 
of  which  a  total  of  1,  002  have  been  processed  by  AFMDC.  A  typical 
example  of  a  comprehensive  inquiry  is,  "We  need  recommendations  for 
turning,  end  milling,  drilling  and  tapping  of  nickel  base  high  temperature 
alloys  and  titanium  alloys".  A  Uniterm  type  inquiry  is,  "Please  provide 
information  on  the  effect  of  grinding  conditions  on  residual  stress  and 
the  effect  of  residual  stresses  on  fatigue  life  of  metals". 


Analysis  of  Inquiries  by  Type  of  Machining  Operation 
(Figure  14,  page  18) 

Added  perspective  of  User  needs  and  in  turn  AFMDC  input  requirements 
is  obtained  by  analyses  such  as  shown  in  Figure  14.  For  conventional 
chip  removal  types  of  operations  the  statistics  indicate  that  emphasis  on 
input  and  detailed  evaluation  should  be  on  turning,  face  milling,  end  milling, 
drilling,  reaming  and  tapping.  For  conventional  grinding  highest  interest 
is  shown  in  surface,  cylindrical  and  internal  grinding  operations.  Of  the 
alternate  machining  methods,  the  preponderance  of  inquiries  was  concerned 
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with  electrical  discharge  machining,  electrochemical  machining  and 
electrochemical  grinding. 


Summary  of  Specific  Inquiries  by  Type  of  Inquiry 
(Figure  15,  page  19) 

The  specific  inquiry  types  listed  in  Figure  15  provide  information  on  the 
varied  services  available  at  AFMDC.  There  has  been  a  significant 
trend  noted  in  the  nature  of  inquiries  during  the  past  year.  In  particular, 
it  has  been  noted  that  inquiries  are  becoming  more  specific  and  are 
concerned  with  more  complex  and  difficult  machining  situations.  Part 
of  this  trend  is  attributed  to  the  wide  distribution  of  the  extensive  amount 
of  starting  recommendations  in  the  data  products  made  available  to  the 
AFMDC  User  File.  Also,  prior  Users  have  found  by  inquiry  contact 
with  experienced  AFMDC  Machining  Data  Analysts  that  capability  exists 
to  help  solve  complex  machining  problems. 

The  inquirer  profile  has  also  been  relatively  changing.  A  higher  percentage 
of  inquiries  are  being  received  at  AFMDC  from  lower  echelon  personnel 
such  as  manufacturing  or  tool  engineers,  industrial  engineers  and  time 
standards  personnel,  process  engineers,  tool  designers,  shop  supervisors 
and  foreman,  planners,  estimators,  etc.  This  indicates  that  AFMDC  is 
reaching  and  setting  up  a  direct  line  of  communication  with  not  only 
management,  but  also  with  an  increasing  number  of  persons  directly 
responsible  for  application  of  machining  data  and  information  available 
from  AFMDC. 


Summary  of  Specific  Inquiries  by  SIC  Number 
(Figure  1 6 ,  pages  20  through  22) 

An  analysis  of  inquiries  by  type  of  industry  utilizing  the  services  of  AFMDC 
is  given  in  Figure  16.  The  chart  presents  the  inquiries  by  the  SIC  Code, 
a  number  which  references  listings  in  the  Standard  Industrial  Classification 
Manual,  Executive  Office  of  the  President,  Bureau  of  the  Budget,  1957, 
and  Supplement  to  the  1957  Edition  Standard  Industrial  Classification  Manual, 
19&3.  It  should  be  noted  that  while  the  SIC  codes  are  quite  excellent,  some 
descriptions  should  be  modified  to  include  important  new  industries.  At 
the  present  time,  interpretations  are  made  by  AFMDC  for  certain  categories 
such  as  372  1 -Aircraft  &  Missiles,  3722- Aircraft  Engine  &  Engine  Parts  to 
include  appropriate  rocket  and  missile  vehicles  and  engines.  Also,  some 
SIC  descriptions  may  appear  completely  commercial,  and  yet  an  analysis 
of  specific  inquiries  will  indicate  a  close  relationship  to  DoD  requirements, 
as  shown  in  P'igure  17. 
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Government  Agencies  and  St.  rvices  cuppcrted  Directly  and 
Indirectly  by  AFMDC  Inquiries  (Figure  17,  page  23) 


The  data  shewn  in  this  chart  are  somewhat  difficult  to  compile  but  by 
careful  analysis  of  particular  inquiries  and  by  an  analysis  of  the  prime 
objectives  of  principal  contractors  at  various  plant  locations  ic  has  been 
possible  to  show  that  the  majority  of  requests  made  to  the  Center  was 
stimulated  by  Air  Force,  AEC,  U.  S.  Navy,  NAbA,  and  U.  S.  Army 
projects.  Nontechnical  inquiries,  as  indicated  in  Figure  17,  are  those 
which  pertain  to  administrative  arrangements  and  to  visits  where  no 
machinability  data  or  information  as  such  was  requested  and  none  was 
given.  An  analysis  of  individual  inquiries  in  categories  4  and  5  of 
Figure  15  has  shown  that  most  of  these  visits  and  inquiries  concerning 
potential  use  of  AFMDC  relate  directly  to  specific  technical  needs,  and 
therefore  cannot  be  regarded  as  nontechnical  in  nature. 

Visitors  to  AFMDC  are  provided  with  literature  pertaining  to  AFMDC 
services  and  operation  and  they  are  asked  to  inform  others  in  their 
organization  and  encourage  use  of  the  Center. 


Summary  of  Specific  Inquiries  by  All  Companie a "id  Agencies 
(Figure  18,  pages  24  through  28) 

This  chart  presents  a  total  of  605  individual  companies  and  divisions  which 
are  represented  as  inquirers  of  AFMDC.  This  is  a  comprehensive  list. 

The  chart  also  includes  a  summary  of  those  companies  making  four  or 
more  requests.  This  list  reflects  high  interest  in  AFMDC  information 
on  the  part  of  aerospace  industry,  as  represented  by  companies  such  as 
Ae rojet-Gene ral  Corporation,  The  Boeing  Company,  Curtiss -Wright 
Corporation,  General  Dynamics  Corporation,  General  Electric  Company, 
North  American  Aviation,  TRW  Inc.,  Martin  Company,  Grumman  Aircraft, 
L.ockheed  Aircraft  Corporation,  and  in  fact  Wr i^ht-Patter son  Air  Force 
Base  itself. 


Data  Products  Photo  (Figure  19,  page  29) 

Typical  Formats  for  Data  Presentation  (Figure  20,  page  10) 

Titanium  Booklet  Photo  (Figure  2 1 ,  page  31) 

Planned  data  products  have  proven  to  be  important  output  to  AFMDC  Users. 

In  addition  to  providing  valuable  and  timely  data,  these  products  serve  as 
a  direct  line  of  communication  with  the  Users  of  the  Center.  Excellent 
response  has  been  received  for  the  ten  data  products  prepared  and  issued 
in  1966.  These  products  are  shown  in  the  photo  in  Figure  19,  and  the 
formats  are  displayed  in  Figures  20  and  21.  Careful  thought  was  given 
to  the  preparation  of  the  products  to  present  the  machining  recommendations 
in  complete  but  concise  form  in  order  to  make  easy  and  effective  use  of  them. 
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Two  separate  data  product  announcements  were  prepared  and  sent  to 
the  User  File  which  now  consists  of  3,  574  individual  names.  The  policy 
followed  was  to  provide  one  free  copy  to  Users  who  submitted  a  request 
and  then  charge  for  additional  copies.  The  set  limit  of  making  1000  free 
copies  available  proved  to  be  practical  inasmuch  as  all  requests  from 
the  User  File  were  able  to  be  filled.  The  fine  response  for  data  products 
is  indicated  in  Figure  26,  page  38.  A  total  of  12,  150  copies  were 
distributed,  most  of  which  were  to  the  User  File  and  some  as  direct 
response  to  inquiries.  The  1,  556  copies  sold  are  further  evidence  of 
the  high  interest  and  use  of  the  data  products. 


Data  Acquisition  Study  (Figure  22,  page  32) 

For  purposes  of  simplification,  the  study  was  divided  into  two  parts, 

1)  U.  S.  literature,  and  2)  English  language  (excluding  U.  S.  )  literature. 

U.  S.  Literature  -  It  was  found  that  AFMDC  did  not  cover  directly  a  total 
of  16  sources  which  were  covered  by  the  combined  four  services  studied. 

Of  16  U.  S.  sources,  only  21  articles  pertaining  to  machining  were 
identified  over  a  six  month  period.  Based  on  title  and  past  experience, 
none  of  the  sources  appear  significant  to  AFMDC.  Sources  such  as 
Tool  &  Manufacturing  Engineer,  American  Machinist,  and  Metals  Progress 
each  yield  on  the  average  of  4  articles  per  month  whereas  from  the  16 
sources  not  covered  the  average  yield  would  be  ,0.  25  articles  per  month. 

With  regard  to  non-periodical  U.  S.  literature,  none  of  the  four  services 
have  indicated  that  they  cover  the  non-periodical  literature  to  any  degree. 

Of  the  76  non-periodical  references  (in  all  languages)  37  of  these  were 
from  ASTME  conferences  and  picked  up  by  Source  No.  1,  and  18  SAE 
conference  papers  were  picked  up  by  Source  No.  3.  Metalworking  confer¬ 
ences  in  the  U.  S.  are  covered  by  AFMDC  personnel  and  all  of  the  significant 
papers  are  processed  by  AFMDC.  It  was  concluded  that  none  of  the  4 
services  studied  should  be  considered  for  input  into  AFMDC. 

English  Language  Literature  -  The  service  considered  the  best  British 
indexing  service  which  concentrates  solely  on  British  literature  was 
sel-  cted  for  this  part  of  the  study.  All  4  services  checked  cover  a  total 
of  33  English  language  periodicals  other  than  U.  S.  AFMDC  is  presently 
covering  31  of  these  sources  by  di-ect  subscription  as  well  as  16  other 
sources  not  covered  by  any  of  the  4  services. 

There  were  52  sources  lifted  which  are  not  covered  by  AFMDC,  31  of 
which  are  covered  by  the  Eritish  service.  The  31  sources  listed  showed 
only  4  sources  which  were  considered  for  direct  acquisition  by  AFMDC,  as 
follows : 

1.  Engineer  (U.K.)  -  5  articles  for  6  months 

2.  Tooling  (U.K.)  -  12  articles  for  6  months 
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3.  Process  Control  &  Automation  -  4  articles  for  b  months 

4,  Light  Production  Engineering  -  4  ar.icles  for  6  months 

The  remaining  27  sources  covered  by  British  service  yielded  only  ^5 
references  for  the  6  month  period  or  only  an  average  of  0.  3  articles  per 
month  per  periodical.  The  other  3  services  showed  lb  additional  sources. 
Fifteen  of  the  31  sources  were  common  with  the  British  service.  None 
of  the  16  journals  had  more  than  3  references  for  the  b  month  period  and 
the  total  for  the  lb  sources  was  2b,  which  is  an  average  of  0.  2b  articles 
per  month  per  periodical. 

General  Conclusions  -  Using  the  study  as  a  basis,  the  43  sources  (lb  U.S.  , 
27  British)  not  covered  by  AFMDC  would  yield  only  1  17  documents  annually 
which  breaks  down  to  about  0.25  articles  per  source  per  month  in  contrasf 
to  AFMDC  source  production  of  1 .  3  articles  per  source  per  month.  This 
results  in  12  documents  per  month  of  unknown  value  to  200  periodical 
documents  per  month  of  known  value  presently  evaluated  by  AFMDC.  Based 
on  this  analysis,  we  are  evaluating  04%  of  English  language  periodical 
literature  covering  material  removal. 

It  was  concluded  that  with  the  exception  of  the  4  British  sources  listed, 
AFMDC  is  adequately  covering  the  volume  of  all  English  language  periodical 
literature  pertinent  to  material  removal. 


Data  Acquisition  Plant  Visit  Program,  (page  33) 

The  information  contained  in  page  33  covering  this  program  is  self- 
explanatory.  An  expansion  of  this  type  of  data  acquisition  effort  is  planned 
for  1967  in  view  of  the  interest  on  the  part  of  industry,  the  high  yield  of 
important  data,  and  the  contact  with  personnel  resulting  in  an  increase 
in  specific  inquiries. 


Code  Sheet  for  Project  Time  Card 
(Figure  23,  page  34) 

The  code  sheet  provides  the  basic  approach  to  AFMDC  System  costing. 
Approximately  120  individual  time  codes  are  in  current  use.  It  has  been 
r  imple  for  individuals  to  maintain  time  records  because  relatively  few 
time  codes  are  used  by  ary  one  person  during  a  given  day  and  the  use  of 
the  same  codes  is  repeated  from  day  to  day. 

Figures  24  and  25,  shown  on  pages  3b  and  37,  reflect  the  use  made  of 
project  time  card  data.  Records  are  available  for  making  even  more 
derailed  analyses  if  required.  For  example,  it  would  be  possible  to 
analyze  the  costs  for  serving  particular  companies  during  given  periods. 
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the  progress  made  by  AFMDC  during  the  past  year.  For  the  period  of 
February  1,  1966  through  January  31,  1967  the  input  costs  represented 
45.  5%  of  the  total  operating  costs.  By  contrast,  for  the  period  of 
October  1,  1964  through  January  31,  1966  this  percentage  was  66%. 

This  increased  efficiency  was  gained  through  working  experience  and 
putting  into  operation  the  IBM  1130  Computing  System.  As  a  result  it 
was  possible  to  expend  considerably  more  effort  on  output  functions. 

Output  costs  for  the  past  year  were  41%  of  the  total  effort  as  compared 
to  20%  for  the  previous  16-month  period.  Answering  of  inquiries  repre¬ 
sented  the  major  portion  of  the  output  costs.  A  total  of  736  inquiries 
were  processed  over  the  12-month  period  for  an  average  of  approximately 
6 1  per  month.  The  average  was  37  per  month  for  the  595  inquiries  in  the 
previous  16-rronth  period.  The  second  major  output  expenditure  was 
toward  the  preparation  of  ten  data  products.  Additional  details  pertaining 
to  the  content,  cost  of  preparation  and  distribution  of  each  of  the  products 
are  presented  in  Figure  26,  page  38.  The  percentage  of  operating  costs 
for  systems  analysis,  modification  and  control  was  13.  5%,  a  slight 
decrease  from  14%  for  the  16-month  period.  About  two-thirds  of  the 
effort  was  expended  in  connection  with  setting  up  and  making  operational 
the  IBM  1130  Computing  System. 

One  of  the  important  control  functions  is  the  Operations  Manual  and 
Detailed  Code  Book  development  and  updating.  The  Operations  Manual 
outlines  all  the  detailed  procedures  for  Center  operation  and  is  kept  up 
to  date  by  the  Director  of  the  Center.  The  Detailed  Code  Book  is  also 
continually  updated  by  the  Director.  These  two  manuals  constitute  manage¬ 
ment  aids  for  supervision  of  the  Center's  operation  and  are  supplied  as 
required  to  individual  AFMDC  personnel.  System  reports,  such  as 
Monthly,  Quarterly  and  Annual  Reports  plus  special  reports  for  sponsors 
and  meetings,  also  develop  significant  costs. 


F uture  Planning  (page  39) 

One  of  the  major  goals  of  1967  is  to  effect  a  direct  line  of  communication 
between  more  manufacturing  engineers  who  need  data  and  the  engineer  at 
AFMDC.  The  methods  used  to  accomplish  this  are  outlined  under  Future 
Planning,  page  39.  The  User  File  at  the  present  time  consists  of  3,  574 
persons  who  have  received  copies  of  User  File  Announcements  #1  and  #2. 
Many  of  these  persons  are  inquirers  or  have  received  one  or  more  data 
products  and  by  these  services  are  aware  of  the  type  of  information  available. 
It  is  planned  to  make  available  to  Users  a  list  of  the  type  of  materials, 
machining  operations  and  keywords  covering  AFMDC's  broad  scope.  Aware¬ 
ness  of  me  scope  should  stimulate  inquiry  activity  from  the  Center's  poten¬ 
tial  Users.  Plans  also  include  a  program  whereby  a  User  may  initiate  an 
inquiry  on  a  specific  machining  situation  and  be  kept  up-to-date  on  a  monthly 
basis  on  new  information  entered  into  the  AFMDC  data  bank. 
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Technological  changes  in  manufacturing  techniques  and  materials  should  be 
reflected  in  the  acquisition  requirements  of  AFMDC.  Effort  will  be  expended 
to  enhance  the  program  AFMDC  uses  to  evaluate  inquiries  in  light  of 
industrial  requirements.  With  this  program,  AFMDC  is  able  to  direct 
acquisition  effort  into  those  areas  where  information  is  lacking. 

The  program  of  plant  visitation  will  be  continued  with  increased  emphasis 
on  making  the  industrial  User  aware  of  the  information  at  AFMDC  which 
is  available  to  him. 

Effort  on  data  products  will  be  directed  toward  preparation  of  the  three 
products  listed  under  Future  Planning  since  information  seems  to  be 
lacking  or  widely  scattered  on  these  subjects.  Additional  data  products 
will  be  prepared  as  good  timely  information  is  accrued  by  AFMDC. 
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ECONOMIC  ENVIRONMENT  FOR  AFMDC  OPERATIONS 


(Annual  Costs) 


Labor  and  Overhead  Costs  for  Operating  Metal  Cutting  Machine  Tools 
in  the  Metalworking  Industries  in  the  United  States 


Total  number  of  metal  cutting  machine  tools  in  the  metalworking 
industries  (June  10.  1963,  Ame rican  Machinist  Inventory  of 


Metalworking  Equipment) 

Average  labor  cost  +  overhead 
Average  working  day 
Number  of  working  days  per  year 
Average  number  of  direct  labor 
personnel  per  machine 

Total  Cost  of  Labor  +  Overhead: 

2,  137,  497  x  $8.  00  x  8  x  250  x  1 


-  2,137,497 

-  $8.  00  per  hour 

=  8  hours 

=  250 

=  1 

=  $34,  199, 952, 000  or  about 


$34,  000,  000,  000 


Based  on  the  1963  Inventory  and  actual  1964  and  1965  metal  cutting 
machine  mol  shipments,  American  Machinist  estimates  that  2,  500,  000 
machine  tools  were  in  use  at  the  end  of  1965.  Using  this  projection, 
the  $34,  000,  000,  000  would  be  revised  to  $40,  000,  000,  000. 

Total  Cost  of  Labor  +  Overhead: 

2,  500,  000  x  $8. 00  x  8  x  250  x  1  =  $40,000,000,000 

$40,  000,  GOO,  000 


Total  Shipments  Including  Exports  of  Metal  Cutting  Type  Metalworking 
Machinery 

$1,  040,  766,  000  (196  5) 

Source:  U.  S.  Department  of  Commerce 

Machine  Tool  Accessories  Industry 

$971,  000,  000 

(including  small  cutting  tools  for  machine  toolr  and  metalwoi  king 
machinery  in  the  amount  of  $598,  000,  000) 

Source:  1965  Census  of  Manufacturers 
Bureau  of  Census 

Cutting  Fluids 

$35,  000,  000 

Source:  "Coolant  Control.  .  .a  plant  study  plan"  by  B.  I'.  Wilson, 
Automatic  Machining,  June  1965. 
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